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m*m i ] m%mmmmz^T. 
£. 

f&m-Z&-oT, N i tP <Dik'a&l b. , Al, Hf, S 
i. Ta. T i RZ/Z r<Dmit®R.Zfmt®£Ql&2>m 

±&&±i$.m-tizi&f&t<ntz&mm-z&^T. c o p t 

^S^90Kcal/moUt)^ 10 
»«tttt*K^^*#**U Sic. ±G*M*»Hfc£4& 

±si2®ett, Etc. &mx.zmm<i:K>i8.zmfrzm$!. 

Jlfttt. '>&< tfc 1 5 0 Olf y HOffii^t. 20 
< £ t> 0 . 8 

fgi, 0. 2*«OX-fyf>y7-rHH ! »ft«S 

[is** 2] ±mttsam&rf-K, 5 0 

0 A£ATT&Si»*« 1 CGftOttAGfttttt:. 
[ffi*£3] ±G¥*SJMtt19itt?H:. 5A©*/he* 

*i*5 0A©»*isi]ewwB3n, tfrFwmiRttWP 

<@M*<± 1 0 AT&«tt*H2 CGttOB&GAJltt. 
[IS** 4 ] ±G¥ftg AtttttfFtt. sp^EMI 2 0 A 

± i o Atn-tMmznz>m$tm2 \z&m<Dm%.%zmm 30 

[W#JS5] J»*d<4>&< £t> 1 0 AOftfttmoJI 
4£Gtt0B&G«i8ft. 

[»#JB6] ±GG*Jlti!>&*daSttl 4*fXH 
TT&D-?-LTiBMUi£>M r t tt2. 5memu/cm 
' T««M^lfcG*®ttftGftJKft. 

TT&D-?-LT8BMUI<Z>M r t tel. Omemu/cm 
* T&Mfc^l£Gft®a&Gft*tt. 40 

iib#js 8 ] ±tamiesiKtt&^ ©sp^ttStt 1 0 0 

A*S§T£SI9#JS 7 fcGttoat&GBJg*. 

9 ] ±Gtt£J&ftO 1 0 % 

*SIT?2&2)IS** 1 £Gtt0ttAGM8tt. 

tin** 1 0 ] ±.mm<kf$.m oNisy:poft^ 
a, 1 0 xnmomnQm^tsffijum 9 tcge«<z>B£^, 

MMBR 1 1 ] ±ffi«£l£Ji © N i Rtf P ©fc&lfc 

«, 1 0 %*m<Dm<Dmm*:-5ttsfi*m 9 »ce«<d«» 

8B®«E#. 50 
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[gs^s 1 2 ] .hiBfiwm. ni-©8Bsii2&/f 

^tf§S#Jg 1 KGttOttAGftflft. 
[M«911 3] ±G*ttHM:attii. 9 0 

Kc'al/mo liO^As, Co. Cr, Dy, 
Gd, La, Lu, Ni, Os, Pm, Ru, Re. S 
c, Se, Si, Sm. Sn, Ta. Tb. Th. T 
i. Tm. U, V, W, YSUtZrffltttMSfti 

«fc o figssw* *>m&.t<tiz>m#m 1 eGttoa&GftJK 

i RZfiP (O-ft-S-^t, A 1 , Hf, Si. Ta, TiR 
UZ r<nmttoRZfimt®£K> tifz'P 

m&m. i 5 ] 1 4 fcG«©*3S3ii**-y y 

/mo 1 £Q*St>ttfttt&t&fctt.k9&£8ti>&a 

[i*«i6] ±cfl*aMfc£*tt. 9 o 

Kcal/moliO^As, Co. Cr, Dy, 
Gd. La. Lu. Ni, Os, Pm. Ru. Re. S 
c. Se, Si, Sm, Sn, Ta. Tb. Th, T 
i. Tm. U. V. W. Y&tfZ r ©gMfc^Rtfg-ffc^ 
J:0tf*S*»S*l?3n*B!#Hl 5fcC«©JfcSJll* 
Si. 

\W&A 1 7 ] 7-9 eBfinizGttf SttAGStt 

±&£«±Kift&»j£3n&ft«flMy*3nfcN i p 

»?$nfcfiie*<ft-^$nfeN i pat. 
±mmnm*>y*ztitzN i p«±itfi«jgfiE$*afcx 

ft^LlOOnmTSO, Ni, Pt, Al.O, Rtf 

t i o, &0f&z>Bfrt>miR-&titz i o»*s«*st©'> 

0 A*SS<DJP^f8fc*tt»fli$nfc^B;g5 OftUL 
5 0 0 A©tt-?T*l*anfc*£*Jii. 

±i2;R£s£JI tcttS 3 ftfc* At y * S tlfcJS^G® 
§T*oT, Cot. Pti. B. Cr, Ni, TaR 

«t i «tO)«*ffif*^ss?$nfc^< tfe i -oo)7tm 

0 0AT*oT5 0A*SKD¥^(8l-C»J8SnT*J 
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iMMffiii. coosysio, 

*U ^l/TCo. B. Cr, Ni, Ta&tfTi<kOfi£ 

t. 

0. zMt&aoSnfc^SS&tfZ r O, <fcOjB££»J&>e.ji 

a?£ nfc*mT*Wc s nfc x ? * s nfc««*- a- io 

[i^l 8] 4>&< <h=k 1 5 0 OXJUX-r-y F<Z>« 

0. 2*«©X-f7f^7-f-JH J 

H, OK>#EE#5. 0 x 1 O 'TorrTKSSTB.O^Ffil'ti^ 
XEE2l;!i<2 0x1 0-'Torr*SlTS&-5*^jK»->XT-A 

ftU8#X£i!IAU 20 
N i RtfP <E>{tc3#J<*:. A 1 . H f , Si. Ta, Ti 

Jgj&StU f-L-TCoPt^i, IS&ttK4<9 0K 
c a 1/mo 1 J:0*#A:Kfl:4b&tfft<bttJ:0lA«« 

±BC o P 1 3R*4tti5-*-f XO*»i«ttttf 30 

[lt#Jgl9] ±Gf£;H;tfX«. O, N. CO, CO 

, . no. n, o«tt)fi£sp^e>s*?$nfc^xT*-5 
ss#js i 8 izmnsKDitm. 

[§t3fcJS2 0] iSJRStlfcfiOH, OS«51f->X 40 
^AfciHAU d©H, 0«a5^«»C»/5lbT^ig7C^ 
<Dilg£bTS!i€r. *L-THfc, ±GG&Stefi3t1±& ; ? 1 © 

1 8 KG«©#ffi. 

IC. -tGG&H**X/X-.y;S"J >^$n-5±GX/1^^U 
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jj<2ooop Dm^m-v&zmxm i 8 icG«©#i£. 
[it3£jg2 2] ±fRttmmitermz. «g-&3£«a*9o 

Kcal/moliO*#Ms, Co. Cr. Dy. 
Gd. La. Lu. Ni. Os. Pm, Ru. Re. S 
c. Se. Si. Sm. Sn. Ta. Tb. Th. T 
i. Tm. U. V. W, YRtfZ r ro^ktS^gfti 

[»#JH23] M$£l 8©35rttfc:J:-3T#l*S*ifc 

HtxefltflKflc. 

[0 0 0 1] 

#£«S*J*^«±tC. iIft£nfc#lSli$iJKtf«U8#X 
/V^U >^D-feX{C*5V»T#6tl*«/hO/< X* 
[0 0 0 2] 

[ft#©8tflS] aStT^X^OBflHtflBtt. 3 

t3C9a*M*#tt. BP-5PW5 0, -t—n—v-ih (O 

w> stfy^xiciDft^^ns. PW5 0H 

fefcO-Cfe-S. PW5 0*tJRV>K£» GeffifiSEKT 
[0 0 0 3] 

* J E-e»<tt#JPW^Si:T«fi£^ns) . PW5 0*« 
^-ri-S'JO^tt. kXf'J->X;P-^0*)l* (S : 

rs*j &tfag*at*j3ft*« rs 

J «*tf> SrtSJDb^-UTX't' y*->?y4—)l> 
(SFD) S-«<T'5rtTibS. zmi'OUT 
tt. A. I. P. Conf. Proc. Mag. Mat 
erials 5®p 7 3 8 (1 9 7 1^) lC««£n 

SKfcttS^&frfflSwa'WtT'Jl'CAii Analytical M 
odel of the Write Process in Digital Magnetic Reco 
rding)j KIB9!2ftTH4. PW5 0 -SHKlgiJ 

<D^mt, m#o&mj] <h c > zmuaT 

[0 0 0 4] A— h (OW) «, ff#©^— ^ 



( 4 ) 

5 

©Rarca*. ms. own m#±<om 1 «#©±£ 
izm i m^tfiztitzimiT^z>fr<DRm-v&z>. ow 

It*. OWH -ASK. «t#©#JSB#, RtfSF 
DfCfcO&gStl*. *J3fe©itGffi£ge&{::*fbTW;, H 

UTte, S *RZfS FD£afc#UTOW©efc#£#-5;i 10 

[0005] a*t£. at 

©sstf? 1 -*- >^;nc*5tt-5m^y -< xir«t ^tftss 

ni>. —KHZ, JP^tta7^JPA(S£. ft^ftO^v^ 

JSttty-fXtt, JMF£UT££(CttQJhlf« J. App 
1. Phys. ^63#. g§8*§\ p 3 2 4 8 (1 9 8 20 

V-f £ □■7y^5 1 >>^W^(Microniagnetic Studies of 
Thin Metallic Films)j (CiS^TSHWlC^E^'J 

H0±tf5IEEE Trans. Mag. . S2'4 
S£6^, p2700 (198 8¥) KJiKSnjt 
r»JgS^^rfi]ffi®«^<Dttt6«eH©#»S6*)^^(Phy 
sicalOrigin of Limits in the Performance of Thin-F 
ilm Longitudinal Record ingMedi a) J iCisUTO^fcS^ 

^©&SU-f y 9->#tZ*. 0 S * «i« < * IT S F D »i 
-/-f X£!kK2>Z\iz\ZUZ>. 

tooo6] HL : ?m<D3z&m£.ttm\z&2> ; -( x\t, m 

4<Dft? (&) &ftffiTZ>Z\iz\Zjl-3TWJ>-eg2>. z. 

[0007] $&«afpjiiettLTffiyiic*«&:tt?m 

8iJ©8mi8«sf1MH*<<&£. dCD»Ka^WffiSf^ffl* 
«'>-r«.t. B#©«#y^X7&<;£^iBE4>5*n£. 

*<) . tH>T«:, PW5 ORtXOWSr5feS-r*tt^S4 50 
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[0 0 0 8] rajgtt*>6S&Ottflgeft«fc«>CH:. 

5. hc zmm-rz>z\iz\z&K)m->pvfs o* 
©«, hc hon*»«T"r 

S£SB3tft • J?*©« (Mr t :MrttS 
BBfttLT t tt5B14g©JP*) ■*t/Jx*^»V»MM*ctt. 
«HPW5 0ftMffftOW«4i;5««. fgfMSJttftt 

owicSF-^-r-sa*. «m«£»i&^fttfiiM8«*tttts 
f^ja K«t o y -r xauMn-r *. s^mxats^^it^x 

<3n^LTOW*<&»S*l.5Stt. rn^T, «#© 

[0009] -c-ngt. A«fte8®j&££*a&MHB 

£fi8^fB®&#te. y-f Xj&»^35C<. b*>"b. PW5 0 

<b©T£a&fC&#©10©Jg5£te, its^Hc 
«=,. nA'JUh (Co) RtfS& (Pt) 0>£4(c£:?< 
[0 0 10] CoPt^OfiEfty-f/tt. ^»©s 

nfc«fcpic ins©Mn bx^'j->x;i/-y©* 

iKODX (BP%. ffil^S *RtfiS^S FD) , PW5 

o©ifiin, owofiT, Rr/:^©fi&©^tc«toTft5* 
±B r»JK«#3&l«(lB«flE*Ott««HO*«»!!i:« 
\Z&^X7.rt v 9 'J >^T5 C t IC J: 0 tttt££€tt* 

^y-r XttM^sns^. s*Rtfow^isTi/, *b 

TS F D^tiJP l/T, PW5 0©«10S^U*. 

[ooii] gij©«*MJc*5^Ttt. i«^y-fx*®ii> 

HBc^©*H#ffF^5, 0 6 6. 5 5 2 mz&TjkiS t\T 
HES^W^SI^fffffi 5 . 0 6 2. 9 3 8 *t"b#RSSnfc 
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ft* TX3£*/Vy * ij >^-T-£> £ tic J; 0 ffittJI£JE5j5£ 

ffic^^T^^-KK^tcfc^m^snfck^jc, mm 

[0 0 12] *7-KR^tC«fcD3&^2n;t8?fcSf[ (* 
ffl#fflFSS5, 0 6 2, 9 3 8^) 

■5. Sg2tc. *7-K£eti. mittoOZE.fSLVMmz'Z) 10 

[0 0 13] J€(CSiJ<D«»Hgtt. S i O t 

Cn?>©7-f ;i/A©f¥«Btt. J. Appl. Phys. 
61 (B) . p3311 (1 9 8 7*f) izm^tlfz 
C. L. ^X>Bc3?CO rsfcte&tfFe-S iO, H#(M 
agnetic Granular Fe-SiO, Sol ids) J RtfApp 1. P 
hys. Lett. 52 (8), p512 (1988 20 

2a, |12§ifciJf# (Granular Metal Films a record ingMedi 
a)j tcitt^snx^s. *SKI:, unSCMfli. 

JltJCkOFe-S i O, £tt*fL, fLT«a7>f^ 

««1 1 0 OJLfrXry K-5-LT^S©fflt±S«0. 

[0 0 14] ill:, IEEE Trans. Mag. 30 
f&2 8#. I5f, ^->>3 1 0 2 (1 9 9 2¥) £8 
tSn& rCoPtC r*g"&8K14»M(CoPtCr Composit 
e Magnetic Thin Films)j Rtt ft ttim : 1 9 
9 3*P3J! 1 OBttOa-Dfcry^ffrffl&O 5 3 1 
0 3 5 A IRtfl 9 9 3^3^ 2 3 B#©B*H4f 
HFB1S5-7 38 8 0»cM^$n3t«fc^JC. ->SXBc3F 

»c«tcs io, <D^sn*<fij^snTv^. <sm« 

1Sl\zm0. 6T*-5. tot. S i O, £-&tJ8Wfctt, 

<atM«#/^x<tiisv>Hc£7rr#, mznzjfmm 

■S. X. ->5Xft«lt ^&Kiftl 7ft^tl 8^% 

©p t Si^gtLTv^ctJca^snfcv^. £cdj;5 

ifcttWfc. 0iJ*.k£. Mrt*»#Sjl. Omemu/crrf © 
«E*©«^C«. Hc*«l«f-r*fc«i>^l 8 96tV»-3fc 
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#T&-5 17 0 OliWT"; KWtf-^Hc £f§TI^ 
-5. 

[0 0 15] 1 9 9 3$8fl6S tt<D B ^H4#flFtBS 5 
- 1 9 7 9 4 4 (A7f?K§) IcW^StlfegiJ©^ 
N i p-Fm<D±lzmZ-&0. 1&I^L1 0%<Dfe 

-rxtt»&nsa«, sio, ofij^SrisinLfet^iciti 

tt. PW5 0fttfOW©i«nfc*tel;:bT»Sn*. S 

i o, (cH-r^sij»«t^. ? F-KofcawiiFSM. 

8 3 7. 0 9 4^ (T^^^rX-g-^SrSSf -5) Rt; 
^y0cf0*S#lr«4, 7 6 9, 2 8 2^ (#±^tc 

s i o, \zw?z>±Tv>mmxmt* mtmw&c&tfl 

2><DT*lZti.< S i O, £B&7<rJI'Aj££-££&ft:XM: 

[0 0 16] 0iJ*J£. ->5XEc^lC«fc0«^£nfc«fc5 

r, *»B1Mm*SyirrS£ ->5Xft#IC«t 
ntf, 3 0»«%ST«)S iO, ) . MsjWSTU t> 

tlteM* L< £tr»"5©fi. -JSC. 7 

— XD^sWiinu PW5 o^^<fest^cow?it 

[0 0 17] 7-Fy?Kftt. IEEE Tran 
s. Mag. i2 6i, p2700-2705 (199 

X#tt (Noise Properties of Multi layered Co-Alloy M 
agnetic Recording Media)j tCiiHT. ^♦^/'TX^M 

^ fc* \z4m&ttmv>m ic«t o s v> izftmts nftm 
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[0018] sic, aa»att»©tfc^iM x«. 

t<M'>3tl5. £.©«fc3&£-Jf ^-fJl/AroSJiSfc. # 

?iric BUT m&v>WiWmmiztiax.Ttti!a#) 
67at^f t>/^Mtn. Ml:. }Sv>SH(ttJl© 

#/^X£M'>T£#J££t^-r£*>©T&£7&<, 10 

[0 0 19] Sift. fc^#»£fc«lr»«M*/-1'Xfc*H 
ttca«<£ft£ttl80W&«C&tf^SnTfr>&. d 
tltt. e2rttJ^£7fr>Ttt£B*« -CO 

»u mm.&mrt7*—?e>m* saig©^a$atfr:x 

K ^lCO^Tgffi^T* I EE 

E Tran. Mag. I2 6t, ^-/2 2 7 1 (1 

9 9 0$) CiMfcSttJfca^flMf© riGb/in' I 20 

©^ftcOS^(fi]j«#(Longitudinal Media for 1 Gb/i 

n' Area! density) J £#JI82*lifc<^. 

£©&a«Ttt, Hlriftttft. (iSV>S*Rtf 

fl£<ASFD) . ift^SNR. ffi^:*— A*— 7^ b]kZH& 

tt. ESWlOGb/in' (Xtt-e-n£A±) fcifi 
-5 itt«effi«)ffl3*K:» LTffiJ&Tffi^Kteo T#T 

[0 0 2 0] 30 
*Jtt*PW5 0, BW&tt/'fX, fcTy r-v-V r-RtfO 

w t v>t> fcan&aAGflt/<? > — * * *> -o «t s izmm 

[0 0 2 1] tt?®AA&Cflflifi0M«ltt. 

num. Afflwc #*4>&<tt>o. gofi»M» 

«R^55®«lK*^ffi<t, 0. 2*8t©X-f y^>^ 
;PK»fli<!:. '>ft<tt> 1 5 0 OX^Xry 

&mtj&7p-r <«*©j»«p t-&*r§T> t^ntfc. g 
x^aiAtttt^M lt««©«*s* y^z-fxtw 

cojgmi. sasuast'vy Rcte^t-* *>©©<* 5 fcsi 
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[0 0 2 2] OTftO&Jg. *IMraeiWtt©£*a<lft 

Jgffctt. l^«±©il*©*SII<fc9&S&^T<6*;i£: 

**fctxy-u S'X#jgft*lfc&LtaP5Bff©l§#tt 
^ /-f x£flfc<Mc?«fc&£tt. utjms 

*»»3&»ofc. 10 AT, X**tdt^lC#P§»U-tUT* 
ttlcSH?««&)&*H££'y 

[0023] •«&*^y^/>rxi:#rs3Mi&£-® 

Tv n^-y--f XK»aibfcjS3©j5«3fl«B*6n*. n. 

T-y-^Xfc&zs-iXo&m (ccltm: rtiBv-rXj 
&frr«) «. oT«&#ww«»j**n* 
seot. *€rft&^x«##isitia^©i£ 

^©SCTKJMft&JBAU €EoT. mzHtf^feam^ 

LTtt. Ify hiM X**^>f -SlCOtlT, 

y * 7 -f Xfc*fr* IMHM >C©JB«tf*#1IHc«»&:tt 

[0 0 2 4] MIC, W32©*S*. B»i©Tfc»tt&tt 

T»liutA«Stlfe. C©tt±dSH©«tt'a. <@*© 

TIM-XftOWWtt. «J«3©fi£g^tfHc«i;-DT^:€r<£ 
*3n*. B&tt&^te«£*£«ffilcjgfifc£n5©T. & 

*©&£i£*§j?r©-tM'x,»:. ntt-r«tt£dE«0riRi©n 

-TXRy:p^RI©®«J7S:Sflffll«, 81£&?©JJMMc*t*« 

[0 0 2 5] (S-pT, gC*fi£Jg9fSr^-AfcO-¥A*^o 

*««BT**. *H-^©TJitt. *ri/"b±«©«t* 
fiE«^f*#A.-5fc©T*:<, ^-©«©JKtt«a^fi£^lcM 
lsT4&K«Sfl:3n«'b©T'ttftfr>. «6t>T. ^ftlft 
^ilc<fc0^$nfc#h*-^'©N i P©«fc^^*sf©S 

iz. **BMl:«Xttftfl:«>©i"5feajR*nfcH-^W 
£*lc^lk^n&N i R^P©{k^©J;p?5:a«. 
S5feEeet»"r*. #PB¥5-7 3 8 8 0. Rtf±f2L 
fc^-©EOP^S4^l (->5XR^) . M^lC«fM¥5- 
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1 9 7 9 4 4 (A^^flcS?) T»©&/8£ 

A7t7ft§it n i PTSt«to#Ae>ti5)K^$n 

[0 0 2 6] *^wic«tn«. as, n i 

R.zfp<Dit&y>)-c&K>. z\n\z\t. mz.&* ioss% io 

K-^PJ^SO^n^ (&aa>Xte<BiS'J<Z>X/1-;/ 

— ^Mtt. aS. A 1 . Ti, Hf, Zr, Si RI/T 

<Z>&fe<Dm<iLf$.m\t. Ni, Pt2lI%©TiO, <h 

Ni, P£2%, 3%Xte4%K>Al t O, t*tC-&^ 
{fcLfefcOfc^tf. H-^tfl^iN I&lXPOfc-&* 20 
tt, tt±jftJia>tt£0>— N i P£W<Z>g?fl2 

[0 0 2 7] X. OfltflEfcfl 
(MfS^y-AlCfcHTH, 0<Z>#JBE£<g;<*l&-r£<t. 

iiTIt £ft&E&ftrr«. S®^/X^«f (RGA) 
KioT^SLT. 5x1 0-'Torr*SI©-?-LT$?£L 
<ttl. 2x1 O-'Torr *St«H, 0#ffijit. ft** 

[0028] jgtc ittS5Wiavi7;p=r>^/iy^u>y 40 

{£Sn?»ii:t.^fc. MX. if. RFXttRF/DC 
X/1 y * U >^ v-X^A(£*3V>TX Ay 9 'J >yjE2r£ 

2 0 mTorrJWTtC-rS t , OEttHAOi(«flS39«* b < EE 
d>3tt«£#lc. SKPtMX©^— 

[0029] x. ieiRu^BA&tfnv»xffi«ett«. 

«»^g'hTa&-5^-^St^#iig*#x.-5**, Z.1\<b 
Ottttll. — JRIC. &tt^&©8H8©J5£g;<;fr:rXA£ 
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MWzWtzn&ftvfo&.mM**. d 1 L/t. 

*^^lC«tn«, — GltbTN, . O, . NO. N 

, o, co&tfco,£&tr rf^ffl^xj t»-r*tt» 

J0X.T. 8&MKfltt>#KftS*M:. tt5»*K:X 
Ay >y->XT-AIC@»CDf^ffl^X*^tt]r-5C:<i: 
tCctO. 0. 8£JL±i:£icafc8dn-&. XAy:5"J>y 

mm\zmmznz>ttmxx<DiEmtzm'£\*. mmsmz. 

MS) . THoa*»W3S»*frKJ:oTfefr*ti*. 

[0 0 3 0] DDAT. fiB^,ie®«#te, As, B. C 
e. Co, Cr. Dy, Gd. Ho, La, Lu, N 
i. Os. Pm. Ru. Re. Sc. Se. Si. S 
m. Sn, Ta, Tb, Th, Ti. Tm. U. V, 

w. yxijz rvm<k*ix\**ifc*Ki>*3t£&m&5m 

<hfc9 OKc a 1/mo 1 &±T&ttn«&£&tA. 

[0 0 3 1] tftt£ttfc«i^i;:*t*«£HittttKQ*ft 

X«^f8t»J«3K©^infc«k 0 ^i;s*}g«oSJ&-C3& 
*. aS. BWfira^&tf/Xt^KKftWBiJSn. * 

r^/x »«F»flE3&« s &m&s± izm &z n* «t 
-9tc&ftMMte>ft#<sft3n«. as. ttsn5» 

[0 0 3 2] ^^tC^-^T^fllUfcXyly^'J^^ 

\z±gz<Dm<kf$.m sr^ffl-r -a ctic«tD*b<i^i±an 
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snstraisi;:, n^-y-f xms&f- mm 
\zk-?z>mw5-z.z>ixz>. -^-nssc, aw&tft&ftHK: 

(S»J»lfA*§^lcL. (b) *3^-tMX£*WU 

ut (c) ttfte«jiic«»t«tt?mRi«m9P-r«. 

[0033] mz. mm, co, co, momvi 

fc»**#liJW»*©WA**aK:T*. 
[0 0 3 4] «ttI»tf^yi"J >^tt»IC*V»T± 

fiSttS«iafPBS{kM s RtfJjSSSBIaM r £**©*» b 

^»©^*^©ie»i«*fcfc*. ag&iitK, 

NfC, #J*.tfl 5 0 OlHfv Ktyjb©ii5^&«fiB7J 
[0 0 3 5] «EoT, ttftUfcX/'WjrU^iMkCft 

&*g$83 t> n x h *> ts t ^ <t* iito-r s *> ©Ttt^v>. 

[0 0 3 6] 

si^Lfc^. «-©»-3^©'a&tf-c-n«ft*r«^2S: 
©«»tti»«*!fcipi'r«fc*ic*«c©«*fp«icfiw'r 

[0 0 3 7] 5^X£M0te, 7^S-^A^©Ifi 
11 -e©±fC. HtfttN i P0^7*I1 5 

**. Mft*9*XI2&tt©tt©£i£fc<k0»j£3n 
■5. Jll 5te. il^, JP*-7ii5^ViLx 1 5Mm©«gffl-C 

1 1 ±lc**ftt8ttW^*f«t5fcOT 

eFi^n. ^0B^Ane.n-tUTfS*»3ns. so 
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a*. #7X, Memcor (a— ->^ttl?55©^f 7^ 
■fe5 5 ?*«»©««-?**) . ->'J3 
>. ^^>. x^->uxx^-;k «©&©£«#&& 

^-^tt*«*t». *8n©XH-r«<b©ic«b<A 

•5. 

[0 0 3 8] JfcHT\ mi 5©±fC. SUTTiMlfcSfi'* 

10 0 nm©®iT'$4, 
[0 0 3 9] *HT. «C£j£Jil 6©±lCte. 6TFT# 

mfca^satt^aatfu^MFtt© rjsjjgj a-mauo 

j&SCMl 8a<#»$n-5. £©*§-&*>. £©g£# 
«fr-5fc*©»*b^*ffi«X/X-/^iJ>yTfe-5*t, 
«©SE«*«t»Tt). C©H*«-*r*tV>3B«*3t 

[0 0 4 0] SIC, Z\<omi 8©±Kte, 
3 0 0A*SS©. fll^fcf. *SR»UPLfc^3S. Z r 
O, . SiO, «©!Mbtt. TIN, Z r N^©g{fc 
$3. XfJT iC, Si C%£(0&Ht®a>'£ti\M& l <DUm± 
120t, «*.ti. H#X»4«(MII»*©»»»*©» 

tt»jS2 2 fc*ttt»sn*. rn5«s±i2 orc^js 
mum 2 2<Dmmz-o^T\t. *9B9i©tGn*'v&s*> 

[0 04 1] #5E93© 1 t>©^Jfi»«(-*t>T. € 1 

6, i 8»r;2 <m. 0 2(c«tB§wt*$nfc^iC©-r 

>7-f >S?X/1y >^SIM 3 0 t*3^TX/t^ ^ 'J 

tcS«l ia«An6ft5. S«l ltt. 

fFm5, 2 4 4, 555^ (Tl>>&m) izm^tlfz 

v'UTtt. iiix/v^aftcofcftcDgi. ^2&o:m 
3©^— yy h«3 4 a. 3 4 b. 3 6 a, 3 6 b, 3 
8 a&tf3 8 b&lTMl 1 *-Vy h 

3 4 aRtK3 4 btt. 1 1 C84l8)H 1 6 SrX/ly 
^'J>^-r-5©f^ffl$n, -€-©^, ^-yyh3 6a 
&U:3 6 b«. &£je£JI 1 6©±tce^B 1 8 *X/ty 

^u>^-r-5©^ffl$tis. ^n^^-y^ 

aRZ/3 8b»4, II 8±l:±B2 OSX/VyJ'U^ 

-r-5©tr«effl$n-s. 

[0 0 4 2] X, 3 011 7;p=f>. 
©g&£nfc#X£&**--yy h 3 4 aStf3 4 b. 
3 6 a&tf3 6 b, 3 8 aRl^3 8 b©ftjfiJC®A"r* 
lZtba>X*m4 0. 4 2RLK4 4SrffiA.T^«». X. * 
-y7h34aRtf3 4b, 3 6 aJU£3 6 b, 38 a 
Rtf3 8 b<Dtti&fr*>&*fiX&ffr&-rzt£ie>\ZtfXW 
§t#>^'5 4. 5 6Si;5 8*TO&nTV^. 
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[0043] *%wa&izo)Bm&Mrftrz>tz6f>\z, c 

0 P t JR88tt-&&*<. 9—Vv F3 6 aStf3 6 b*^ 

fe^x. coPtuNii^ftsns. zommj&m 
\z&^x> &&<ommtito 5 L 2 0 gTf %T& 0 . 

^LTrm;uh©jggra:#?}7 5B§C^%i£UiT'J5 
■5. S'JOHifi^liTtt. C o P t N i #*«J 1 0 JK?X£l 
T©£«©TaRtf/XteT i iiGteitZtlZ. C r 

j§*3S©teii«£*rr-5«tfm. #^tn^^«o± 
ifz*mmAe>*m¥f¥fmmo s/i 8 8, 9 5 4ici¥ 

[0 0 4 4] ±tebfc«J;oJc, «E#/-fX©±;fc*v- 

&&#©14ffi^B©^3WfrIii^(Physical Origin of 
Limits in the Performance of Thin-Film Longitudina 

1 Recording Media)j lC43^T^i>flc^*<5E'<fcJ:3 

*sk»id*Hrr-5;i£T'a&-5. cn«. #wigtt©#st 20 

3!r#>fl©!ggT-&&. As, B. Ce. Co. Cr, D 
y. Gd, Ho, La. Lu, Ni, Os, Pm. R 
u. Re. Sc. Se, Si, Sm. Sn. Ta. T 
b. Th, Ti, Tm. U, V, W, YXttZrCSfl; 

«#WttTfcltn«fc&r. *-UTSB2{c. <fc£-^© 

f, inaD" „, l:Sl/T'>ft<t , t)9 0Kca 1/ 30 
mo 1 &±Tfc»*n«&S&^ (A>H^y^«*^- 
$r5X hU- • 7>H • 7^ 'JvZTs* CR 
C?VX. 1 9 8 8-8 9^lCitt^^nfc«t3JC) . C 

BatB^fflltffHiS 0 8/2 2 3. 6 3 6S#I$nfc 
H. WT©l»WRt/Ma-r-50E{c*3ViTtt. Co OK 

zfs i o, d^pf^tt© rstttj uttmrnoMtisX®. 
mznz. l^l^s. ^©nw.tsft^wiste© 

5. 40 
[0 0 4 5] 82®« 1 8 B. P. 

C. N. Z r , H f . V. W. ReStfS i «fc»3Jjfc£i* 

*&B&3n&tt©7GXe-&A/V<b£V>. 

Sl±©tttt/t 7 ^ *«jg<k-T •£> J: 5 K C n 6 Ttm© 
1 O^-t^S^f* Z LrTXKS9©4^B 

#5£iE©«eB*1-T-&-5. Lj4>L&a<S. Ab>M 
s £8tJ#-r<5fc«e>K:tt. ±ELfcTa, Ti, Cr&tf 

/Xttfifi©7C*©fO30^'&&©*?J2 OgH=-X*«*.Ttt 

ttfitt. ften-s&tt© i o£i±©jRttSre®<b-r2)<t so 
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ffifB<SB©±TTiHg-tS Mtc, 
C o P t *«&&lftMB*MfeKt£. Xft. #-©*/ty 

[0 0 4 6] WIBLfc.fc'Sl-. £flkJI£Mj$-r«tt?4< 

stifttacUftEiitmsft*. ^niM3 \z 
**nxv»*. %iric. isttia^ 7 o©&*te. ts&ig 
u-y--<x©*ieaT&o. -t-LTtt^ns£aiftw«ra 

iA»**K*ST*6t»^t>fc. «*.«. 10Gb/ 
i n' ©*?#©iS5®«I2@ffl&T-ti:. «*©fF#«£& 
*y7?^4itcV>H 0 nmlCja^V^t^S^ 
tl*. C©J:3£JBjilC»T*Ji#©e^-tM'Xtt. 1 

•5*^{c*f-r*ttffiB^srafi£-r«.it*tctt. «*© 
ys.^fs.^z\h^m^-Dti. z.<d®&. mmo&mmm 

it, l$10A. L<«2 0 A± 1 0 AJSTFT-&D. 

«*^-r-5fe«i>tc*?) i o A©j*«-©iefk«m 7 2 tm 

^*©ii5iB&ffiftffl^ic:^tsn-5#Ae>n^ess© 

[0 0 4 7] £©<k3ttG£J|&ft«;fc&©l:3©Kfl : 

«, &fe<Dm±i&m 1 6©±fcK©e*jgfig-r-5c:i:T' 

«W©lMXft^l«lcJB«*fte-r£#te. tt^WIfc 

[0048] -cntt. mm&m&ts-izB. 
■o-%.±\zt>n--$-z, mffimz&2>®mttm& 

«. *«jiooak±0)i*.) — ^rtafci^T 
^•^.^ns0fM©^-y-'fx, »*»^-35K»ri** 

"S&T-f i7n«jfi©(Wffi»tEI4lC7f<$tlT*5t), <@S'J© 
S^fiE«0r 74«t0 jB£*;K4£j£Jf 1 6 tt. gB&JI 1 8 © 
Sfll«»tflx. !2SSl8tt. i«©iBttSf7 6Rtf 

^■ne>©ra»c»«tsnfc»«s:fiij^S7 8 

[0 0 4 9] tf[£j8M16ti. ff*Ktt7**7rX 
©#fiStt*t^Tfetttl«*6JS:^. tt^riEJB^'b'^iaMc 
R^t>fc^V^iK(t:JC^)V»T#&©*K*fT^, X/tyi' 

u >Mzm\t<tiz>&mi]x<D$i'S<z>m&.ii u 
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mm A<D^m^nmm 08/189, oss \zmm 
C0 0 5 0] ms\t. cn^oHK^^ogsss 

t4^f%OSiO, Zm-tZttteCoN i, T i , T 
a,P t,,coe®Jil 8£>Hc£fflteb;t (SkTtDKm 
SrfflLT. 8S*tt, ^0&7C^O^%, 1 
2W^%P t £SlLT*5D> ^&S5^4, -t0)^A0>» 
&£^LT^£) o *t£K4* ?-y7h3 6aft^3 6 
b (02) j&>S7;i>:*>;&*»3. OW/cm 2 Rtf #5 1 10 
5mTorrTX/^y^»J >^nfeRF^t-FT*^ 
fco ##$nfcie&^l 8*4*52 5nm(Dj?^T*o 
fc. -t<0«*tt. Hc^«1 0 5 0XJWfyFOi* 

Snfcct^tC. ^©fi^tlR^S iO, (DM&ty) 

ttJI<D»***tt5 0 0A<D (iS^ft^Mr t 

*t»2. 2 5memu/cm ! ) lZ$i LTt# ^> tl^cS^C 
1 7 0 0x;^f7 HTfc^fc (^ItuW 

tt*t*. i8%pts^ioM%^sio, T*§s>n 20 

[0 0 5 1] X* 0 5K14, ®ll;2%Al ! O, TH 
-y^tlfcN i POKMi (^^TMCN i P - 
2%A1, O, iSf) IZ. fLTf2{:NiP~2% 
TiO, CD***JIfcX/Xy^U>y*nfc4» : jpXO 
SiO t ^tn^CoNi, Ti, Ta, P t , , CO 
HcfflMfc^ntV^o tt^dcMtt. **#»3 8 
nmt, ^— y^/ h 3 4 a&#3 4 b (02) ^67^ 30 
^>#X£U SmTorrTX/t^/^U >^SftT^5. ?K 
tt-S-^t 1 21K^%COa&£>^£ffl^T2 0 0 ox;ux 
f ^ KH±©«»**ff 6ftSCi#W6*T*5. ZL 

[0 0 5 2] X, 05H #B»fF»4, 7 8 6, 5 6 

Mg5- 1 9 7 9 44 U^tTft) 
&5\Z, N i P#£riWl±fc*/X**U>ysnfcCo 
Ni 7 Ti, Ta, P t , , Rtf4»f%OS I O, <b& 40 
& (u^Ttt- RCCoN It TI, Ta, Pt„-4. 
%S iO, T*£n<5) ©HcMJtfifcSUT^*. N 

T/StUtN i Ptt£fiKI (N I P-2XA i, O, Jfctf 
NiP-2%TiO, ) *JBl»*££fc«fcO«JfcSftS 

5*4, X/t^»J >^#XtCN, tSSflmbdiKJ;* 

h c co^net±coac#t>^LTi^o 

[0 0 5 3] 0 6*4* X/ty^'J >if#XWZN l 50 
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±.\Z7.rty&*)>#Zfttz2. 25memu/cm s <D 
Mr tOCoNi, Ti, Ta, P t , , - 4 % S i O, 

*4* 1 5 wmT^t 9! SMC, Hc*4, TJiJS** 

trnzmMzmm-r^nfl. c(o«E#cDg*Hc*4i 7 0 

0lHfyHaTf»4. £0D«Ef*:*4, 
;u^>o£E**±#-rs^x»4^*op t^r*ft*Bln 

cnSW#CD*M*JRlCtt» H c c7)fiJf#*ffl^T * 
Xj*3&«** (WT*cai^£>) . 
[0 0 5 4] 0 7*4, N i P — 2 % A 1 , O, 

S tlfcfitfMiH 5 Rtf 6 K«Snfctt#4Bfft 
■«fcHi;^y^U>i/*fr (1 5 um(DT)lzf>f£tf 
«r&tf) iC&^TX/^y^U >^2*i;t2. 2 5 mem 
u/cm 1 OMr tSt1*^CoNi 7 Ti, Ta, P 
t,,-4%S i O, SWcSSlT^, 
*C, NiP-2%Al, O, SMiSffiffll, 

1 5mTorrgft«Cfi^*>(Z>T*oT*>, »2 2 0 0XJ!/ 
Xf7 F<B#*lcKlr>Hc*«»&tl*. 06£7£lt!i& 

T, «4lSI*WT-5iOC oN i, T i , Ta, P t 
, l -4%SiO l H*tfi5nfc5 0 0XJ|/7r7h^ 

m&mmzm&\stztz&-?$>z>z.£\zizm2ntc^o 

[0 0 5 5] 08*4, 1 5mlorT<D7)l'3>J£J]\Z&^ 
T, *flsT*W*©#F-:/<DN i PTJfCD±*C, X/t 
^^U>^X^^1. 2% (ON, ^#aETStt!8"ex 
/Vy^U>ySftfeWO^CoNi, Ti,., Ta 
,., B, P t 11 -2%CoOOHc**L/TV^ tt CCD 
8E#*4, 2. Smenu/cm 1 Mrt^ilfc, £ 
OttfttiDHctl. N i PT»<OJ»*©iillPfc*K:iajP"r 

H6fcJt*«-*i:. 0 8<D*/&^fiE&«:*Hc*4, 
HW/Vy^U >y*fHc*#b»2 0 OUWfy Kr^5 

<«JDT^o H8'fc»4*<#JHWfc. 09t4, 2 0mTo 
rT<D7)\s3>EEJHZ&^Ts Sftt5**©N i P - 1 
%A1, O, <0©E£f£«tO±K:, X/Vv^U>^X* 
twl. 2%<ON, ^ffiT^ttlBTX/ty^U^ysn 
^i2. 5menu/cm l OMr t^tt^l^UCoN 
i: Ti,., Ta,. s B, P t,,-2%CoO^OH 

J«Ji}9*ttfflatlfctftk:*lr>Hcat»6tl*2:i3jf«W6 
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[00 5 6] ^llt B*S4$mtilB5-l 9 7 9 44 ACX/W $ 'J >if*V>7)l3 >JE*j#2 5fcUL 3 0 

fc2. 5menu/cm' ©Mr tStr^CoN i, ^x>ft#CDHiTK r^tegj$^o^tg$g 

Ti,., Ta,., B, P t 1 ,-2%CoO-&&tf>iBgfci(3 B©^)SM/«cK^J i:Sft*tltJ: 3 jtS^TJl/^ > 

S<Dfite«, Guz ik-501f^^- (fiijy** Id, T)V3>fcJj&miSQlsTW%&frz; 

i5HT. pl/g/p2A«3. 2/0. 3/3. 2(im 10 T. g£ LA>t>©TW:&<A. # K— X©N i PTitt> 

T. h5y*r|ja»6. OumT. ttlSIStoM 2<Z>*KSi ttW/-fX*j*^"r*J:'5CattliC^IBlOlMi»)Ba© 

HtJB^Tfrofc. B»©«£tt. 0. 8 7 31* #«**aKT*fc©Ttt£lr»£«WrLfc. t¥oT. ft 

[0 0 5 7] «1 {C^$nfc«t'5(C. JP^IEH-XWN <fc OftS^Stlfcl^H-yON i PTItt. teUT;^ > 

i PTS©-h(Cl 5mTorrTX/1y^"J >^Snfc2. E2HC&fr>TKb»H c H t»i-t?€r^»t % fil»JE 

5menu/cm' ©Mr tStt«CoNi, Ti ^/-f XA^&lcJi^-r-S. 

,.« Ta,., B, Pt,,-2%Co0^lt #ti:« [0 0 5 8] 

hS/7h*±i;*##K:jiit»»*ii*5?y^** 20 [* 1 ] 

« 1 

^H-^ON i PTl©±©CoN i, T i, -5 Ta, -5 B, Pt,, 
-2%CoO 



Par 


NiP 


He 


site 


PW50 


OW 




















is? h , 


(mtorr) 


(A) 


(Oe) 


(mV) 


(nS) 


(-dB) 


(nm) 


(E-09, nS) 


15 


350 


1946 


0.492 


42.85 


32.7 


6.64 


8.48 


15 


425 


1938 


0. 469 


43.58 


32.44 


8.08 


9.84 


25 


300 


1950 


0.498 


41.7 


32.09 


3.77 


6.52 


30 


300 


1877 


0. 506 


41.71 


31.7 


2.95 


6. 18 



[0 0 5 9] 312 tt, H&.^7)Vdi>mf>\Z^X. X/1 
AMwM93 3 0 A<DN i P-A 1, O, <Dm*kl&m<D± 

\z. ai, o, ©sa-g-^^ATx/^ty^'j ytfzmtm 

UCoNi, Ti,., Ta,., B, Pt,,-2%CoO 

717V >yxtf>r t ;PS:*-r-5Gu z i k - 1 0 0 1 

JCtOSSjfi^n/S:) IC*5V>T, pl/g/p2i«3. 2 
/0. 3/3. 2(im7?, b ? y 9 tfilfl 6 . 0/imT> 
#01***4 2«>l«Mnf«^9 Kfcffl^Tfrafc. ae&© 
m&t. 0. 8 7 3-T ^©^gKiS^T. &&&**4 
9 41" >^/®>T. efttKK«<6 0*n8£3fc£<fc/-f > 
^Tfrofc. 4iW7 5-fH5*»4. iK>2. 4(t-f>ft* 

[0 0 6 0] ^2tt. SKI^i;Hc*Wr-5 2ia©JKft: 
*7*U-0>*. NIP-UAl.O, ©«£j£JI£ffl 
V»T 2 3 mTorr«DT;i'3>EE2jTXA< y ^ U S tlfc 



NiP-3%Al, O, V>T 1 

8mTorr<D7Jl'^>jaE^;TXAy^ 'J >£f S*lfc1fl£#£ 
ROTS*. &#te&#fcOWRO'&« : fcPW5 0£^ 

^Fa^fr*^*"*?*-*. NiP-2%Al,. O, 
l&m&m^-C 1 8mTorrTX/t>y^ U >y£nfc<&# 
NiP-3%Al, O, SrffiHT 1 5mTorrTXA* 

&tfj3tffft:PW5 0 e#-r&flll$!C4&V>tt*&&3'y4' 

it* sic. cmt sKsn&tfc^AAi^^ftotttt 

50 n. fi£oTS€rii*>'!y^/-f X*^*JC<St.ife©tJS: 



[0 0 6 1] 
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1*2] 



«Fi£ L \,*&£.l$.m &m HTX/1 v * U > ^£ tlfc 





CoN i 


7 T i , 


•5 Ta, 


•5 B i 


Pt„- 


2 %C oO 




Par 




He 


mm 


PW50 


* & 


OW 


















is? V 


(mtorr) 




(Oe) 


(mVp-p) 


(nS) 


(nm) 


(-dB) 


(E-9, nS) 


18 


NiP-3XAl,0, 


1994 


0.472 


36.7 


2.89 


34.92 


6.01 


23 


NiP-lSAhO, 


1920 


0. 4989 


37.3 


2.8 


34.62 


6.08 


15 


NiP-SU^Oj 


1852 


0.474 


37.23 


3. 16 


35.49 


6. 29 


18 


NiP^SAljO, 


1811 


0.5147 


37.52 


3.51 


35.4 


6.37 



[0 0 6 2] 01 ORtf 1 1 S«N i PRtfN i P 
-2%A1, O, 0«^l$ffl^T7/t^^g>^$ 

nftcocr ll pt,,-4%sio 1 m#v>mftmmT 
EM®^^xs:^-r. mi oi:*t#K-y©N i P 

±©CoC r,, P t,, -4%S i O, 20 
mTorr©7;Urf>BE*tC*5liTl. 2x1 0-"«TorrCD 
#E.<DH, O&tfO. 6%©N, 3 0 OA 20 

i PTmv>±lZ7>rty5? U >^?nfcfcfflTa& 
■5. 01 ltC^tlfcN i P-2%A 1, 0,±C9Co 
Cr,,Pt,,-4%S iO, 7^;i'AH 1 5mTorrC9 
7)ls=t>&JjlZ&\,*T. 1. 2x1 0- ,, Torr <Z>#EE<D 
H, ORtfO. 9%©N, ©SFflE'fT, 3 0 0AJI*» 
N1P- 2 56A1, O, co©[*JE«aO-h{CX/tu/^U> 

[0 0 6 3] 0 1 0 ICtTTJ: o \Z, «£Ft*. $>Z>m.mz 30 

>*)i>&#mzftt$-T&-z>*mmfch<D\zt<nz>. & 

(C*3ViTt>, ->5XBc^? rcoPtC r|g-&J& 

) M^{C3-D<y/t!t#tTaiS0 5 3 1 0 3 
5 AlR^H^S^ffUlSS-? 3 8 8 0tJ;0<SV> 

SnSJlS £181^3 fc<E>Tifc.5. 40 
[0 0 6 4] itttCttU HI HZTjkT&^lZ. $L=f- 
tt, mil 0A»*©^>*;MC«fcoT^-{;:#8t£ 

awssj izmmznrzx-R&vm&sf&ttmm^mft 
i orz* 1 1«. n i p — a 1 1 o, <?>m.£.f$.mt><ftm so 



*5-X.Z>t.W$\Z, iiS^Hc^fi£bB.^€r^7j^« 

[0 0 6 5] X, 01 O&tfl lte, H^BftffffllBS 
- 1 9 7 944 (->5XK§) {Cg87K£nfcJ:5&EBte 
^©Jg^JSTS i O, ^mitli, 

i? v * J -f X&m&T Z> IzlEttU&ffVtttlZ H d 

^CoP t ,. C r,,S^CoP t,,Cr„-S i O 

jMiv»m© 7 ^ ;ua (c*5 < , #* \zm 
8Bfc«ti6£*LTU*. x*;u*-#1»x|g##r (ED 

i m^±Tti-^ y ■< \z \zft*a sn&uts 

[0 0 6 6] ■>5XftfOCoCrPt-SiO, MS 
•5. cnii ^5XBc«KJ;0«*Stlfc«?tfete (EP 

^n-s/'f x&5G±\zmmisfcvniifrz>f3.\,K z\n 
\t. &mftt&m<Dfti&&®mz-tz>fzsb\zmwti&tki8. 
m (K-ysi£*>^N i p©<k^ft) &^ffl-r-5«^tc 

#fFW^5-l 9 7 944 (A7tVg§) 0®^ 
$nfcJ:'5tc:H-^ , »JS't)fc7a:v»N i P^^SJc^ 
£n*:S i O, Sr^tJKIt^tt, et^H^i^&Sr^ 

irm V » d <h £ L T V> £ . 
[0 0 6 7] giSoa^y-f XR^#lCJS^7j^SESr 



( 13 

23 

tz\-S.t3.e>1s.^Z.ttfiftfrifto £TF, d©J:5;S;ypt 

[0 0 6 8] 01 2&V>L 1 4\t. gft-SH, OSHBE© 
fctT. 5 0 nmJ?#-©#F — /OX/Vy^'J>^n 
fcN i PTS»±{C3 OmTorr©7;Pri , >£E^-T?7./'<^ 
?'J>^nfcCoNi, P t,.7^;UA(C^UTH3i 

ifM (SEM) 0 1 2 l£^£*rrH-5© 

tt, 2. 8x10"" Torr©H, 0#ffiTXA y;5"J > 10 
^£ftfc«t#©SEM-C&?K 01 3te, 1. 1x10 
"« Torr©H, * U ^yStlfcfiEft® S 

EMT*D. ^UT014I1 1. 1 x 1 0 0> TorrCO 

[0 0 6 9] 01 2K.Z/1 3^<=>93 57&>&<fc-5f;:. 

«. b^£¥1Sa&?J:0j&&. b&btttfte. mi 

oNi, P t,.y^)lA(Dm^\Z\t (01 2RZfl 

3) , <@*©&^7&<&«^£f::CoN i, Pt,„©3Mg 

T, X/X^^'J >^«f tCH, 0©#JEjW£^;I<>:«. & 
[0 0 7 0] S15lt *tl0. 51IXCA1, O, ffi 

h— xsnfcx/w^u >^snfcN i p (15. sa 

fi%©P«r&tT) ©3 0 0 Am?KO&£.f8.fBC>±lZlgm 
^CoNi, Pt,„RtfCoNi, Pt,„-2%Co 
O «»Jdtr««diC^/X y * 'J >y#X H, O 

•T^raWT^^^ff^Jtt. 3 OmTorr©£Htbfc. 01 
5lt 2JS©^tr^-r-55 ? -^*^L. 
RiHtt^v F*ffl^-5>efiU8&«;:®Lfc*?J3. Omem 
u/cm' ©Mrt*tt5bfflT*0, ^UT«© 
K^-ffiK^y F£fflUfcf2fiffl&K:>§Lfc#J 
1. 2memu/cm' ©flSHM r t *>©T& 
•5. «&fti|C. &8Wfc©S*tt. 7/^j"J>ytOH 



) #IB¥8 - 1 7 1 7 1 6 

24 

ffglsVMKflett. '>fc<<!:t>0. 85©S**#LTVi 

«. 4>&< tfcO. 8©S *£WLT^&ttnfcf&S7S: 

<fcfc5x 1 0- ,, TorrK«J*L&W-ntf&SfcV>. 
[0 0 7 1] 01 6&t»H 8li. 1 %A 1, O, #F 
-^fltN i P (15. 5fift%©P£"£tr) ©3 0 
0 AJP#.©&£/&)f©±lCC oN i, Ti,. s Ta,., 

b, p t , , - 2 % c o o^*#«frsw©^fr-5>T 

Jl/rf>X/1->^U >^J3E^©f^fflSr^LTV^. iBSUI 
tei®4 5 nmf^JDfLTH, 0©#JEtei®2 x 1 
0 "Torr T^ofc. 0 1 6 lite. 2 OmTorr©7';l'rf 

■»m X(omxmm&<D ! b(D-c&z>o 0i7tc«. 25m 

Torr©7;P^>ffi^-CX/1y^'J>y$nAclBSS^ 

Of'S^fC*p{t:b$S«)Tl>-5. 018tC«. 3 0mTo 
rrOT'^>£E*T^/Xy^U>^anfclB»JB3&«*a 

J^tC, 3 OmTorrTX/ly^'J >^Sn-5Ht7^^ 
Att. /£^X-f vJ-yfr? 4 -^H^*RO:ftV^fS 

©TJi/^ffiMmtraansfconx. st^fliiStt. s 

[0 0 7 2] ^3H 7JP:l>©gi&:SX/'W*U>i) r 

n. 200 A©**K2n2nfcttS©:4— fh 

StTSCoNi, Ti,., Ta,., B, Pt,,-2% 

coo^&©&^Rtfia&#tt£^UT<A£>. cne© 

E»*Hitt. Gu z i k-5 0 l^X:?— «£*5V>T, p 
l/g/p2?5*3. 2/0. 3/3. 2/imT, 
i7rtJ#6. 0 /imT. «I3»**4 2©»M««^»y F£ 
ffl^TflfitSnfe. ft*7?-f*Stt 4 9 4<>f/ 

*5 3. 0 /t-f >^-r*t>fc. lBS5^4>tC. Igr-fX^^ 
fflt©MT3&0. ft©ffi7Ji^:#l/i{ai:. A*F«:'tfyh>> 

7htttg**b, -73. ow{c#-r*;*:i§rftiE©f$cttefc 

0, 1 <fc0/h£ftgcli3fc&£^L'O>-2>. tot. #M 

•9->yju©«-&ic ffi**wfcow©<ia<oT*o. tf y 
F->7 h*<0T*0. -tLT«€ra*j?y^**i. o-e 



( 14 ) 



8-171716 



25 

[0 0 7 3] W*>fr1t£5\Z. T)Vzf>E.J}&3 OmTo 
rr*>£2 OmTorrfCilS'>Lfci#»Ctt. 

mitviz. S * £ S FD£Jt$rr-5<h. T;i/^>X/1.y 

dttt, WZ&?>-i?yi?RZfi\dv his? MeJ;oTlE5£ 
$n-5. dOli^J'tt, ^2tCltbT. H-^/SfltLT 
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t> (MAff. 2 0mTorrUTF) £ffiUT. iSVv#J£gR 

[0 0 7 4] 
[*3] 



10 

m 3 

CoNi, T i, -5 Ta, -5 B s Pt,,-2%CoO 



Par 




He 




S' 


SFD 


PW50 


m & 


OW 


Mv his 




/rm 














(-dB, 


7 h (E-9, 


(mtorr) 




(Oe) 








(ratio) 


(ratio) 


diff.) 


diff.) 


30 


NiP-t%Al,0 3 


1899 


0. 


868 


0.161 


0.98 


0. 742 


-0.38 


-0.66 


25 


NiP-lSSAUO: 


1863 


0. 


899 


0. 124 


0.96 


0. 84 


-0.05 


-0.76 


20 


NIP-1XAU0, 


1857 


0. 


907 


0. 12 


0.96 


0.989 


0.41 


-0.48 


15 


NiP 


1900 








1.01 


0.985 


1.54 


1.95 



§8WU 9 2 0i;i/XfyHT. Mrt*<2. 38mem 
u/cm' T, 2 0 0 A©**«lPSnfcift**-/1-3-h**U. N 



i P«*t£S€rfflViT3 OmTo 
tlfcCoN i C r P t j&#T&-5 
[0 0 7 5] X, l«BBi«)X/^^y \ZN, 

<D&oizftmi37*&&m&w?z>z.h\z&*). mutt 
a Jv9J4 x-t><mzm'j>2tiz> tmz, jstemtt-mz 
es:s$nsc:tt)^ofc. etT^-r«t5tc mem 

A-TSi. PW5 0XliOWtC§^W^®SrR«-rc 

t£. Stag's? KJHfcitt 2. 5memu/cm' OMrt 
»ffi*<##»C<&<. 1. 2 x 1 O-'-'TorrT?* 

left 1 . Omemu/cm' COM r t «t-5&» 

[0 0 7 6] 01 9&UU2 ltt. $32. 5memu/ 
cm' ©MrtStU RF^*-HX/Vy^'J>y 
->X^AIC*3ViT. Ni P-2XA1, O, ©3 0 OA 
JS*.©J&£j£g©±K:. 2. OxlO "Torr O*©- 50 



56#JERtf 2 OmTorr©— £7;i/=f>JE2f©t>£'CX/ , < 
y#*)>mtltzCoU i, Ti,., Ta,., B, Pt 
,,-CoO^I:3tlU He, S*RtfSFD^*^ 

fi£gC82®/f©Hctt, ftO. 5%©N, 

>^l:'>I®N, ^XSr^AT-5^t^J:0jat#:OS 
FDt>«Tr*Jfi«. -tOfffflJittO. 2%Tfc?-:*<i:fc 

[0 0 7 7] a^r<!>flttt^lC^-r«i2:«[Hd:9FX«>IS 
x/tv^'J KN, ©J:5ftftUfl;tfX£^AL 
H <h J: 9 fi£«:/I©H c lcR«£ n*feffl©ttHte> 
gft£^&lC*JUTS&-5 ! b©'T?&-5a<, *0fl?tt, — 
&\Z. *J>*©N, ontACfl^ftfttftiu ^LTSF 
Dtt, H, 0©#JE#5 x 1 0 0, Torr «tO<g<«Ht^ 

©sgAte#5#ffiJ«©«;!jatt. *MKfcfc2"3©«UBic 

«fcO£U5£#A.e*l5. SI IK, N, #X©3SAte. 
flttttt?0>n&Ra>J&ft&*P«f-9-«. ^2fC, N, #x 
©SAtt, BtttttAOcM (*Sfi©S«tft:ttl) 

•5. 
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[0 0 7 8] 02 2fcl>b2 4H *XtfN, 
«-JIttfi8©'btT«D3 0 0 AJ¥2MDN i P-2 3SA 1, 
O, &£.f&m<D±iZ2 Omlorr(07)VzI>mt}\Zii^X 
XAi»^U>^nfcCoNi, Ti,., Ta,., B, 
P t,, - 2 XCoO^&lCjfefU 7^f'Jy^©EM4 
3 0 STJC«fcD#SnfciS#^ajl«^ffiti&& (HR 
TEM) ©Mt?lt©fBST*4. 02 211 m 
3. 5 x 1 0 0, TorrOH, O#/£Rtf0%N, #X0> 

*>f?xrty?>)>yt<tLizmmzttfc-r2>. 023 

tt, «53. 5xl0 0, Torr OH, Ofl-ffiKftHT. 10 

0. 6%N, ^X^/ty^U>^XtC#ffi-r^«li 
•CX/t^^'J>y3nfc^lC^-r<5. 022t23 
^Jtfe-T^t, @22fflCoNi, Ti,., Ta,.. B 
, P t,,-2%CoC"&&©&^H /hS<T, lOW 

it. N, ©*AfcJ:9#B»©#lljWefclRl±U 

Il:'«*tS!:ts*KLTi»*. unfcHWfc. fry 

[0 0 7 9] 02 4 ft. H, 0O£rFJft<r>£-JE. «K. 

1. 2xlO-"Iorr T. b*»fc. 2 % £ H 3 ittfclftifS 

fiftHM" X£ £ C -5 £ & lc , 7^Ml:bfc0 e^IBI iz 

*}—iil3.*). 02 0Rtf2 1 \Z^VtiJ:oiZ. fil^S* 
[0 0 8 0] (1) ttttttAOcM£¥BA££.&U 30 

(2) ^natt^oiMfcfteBfcu-tUT (3) 

n t let -j TtMP©#B.«uB u a < 

#s*bu. ssfss?-Sr®^.-5£, 

©Vf £m*tjfra<igL<#i%— £&0. tH»Ttt. 7jJ£ 

^TE8LTH5^. 0. lft^l/10%©3lffl$nfc 40 
«8Btt. XBttlMM. 7 4 9, 4 5 9§ CVV 

[0 0 8 1] X, 02 32«*2 4H £*©N, *rtl& 50 



( 15 ) #W8- 17 17 16 
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^aoN, «. bv>2»me. i£^SFD*ti;, iw»t 

it. fi^PW5 0W!V»OW*4i;5. ft^T, £36 

L&l^;i££^l&T£«<!:<Z>j££©0. lfcHLlOtt 

[0 0 8 2] &4tt. ffSUViftfft-FfclMJ-rSfc 
&K4&91«>fkw<!> J: 5 :5"J $ tlfe 4 #T 

%©SiO, »8l?PJ**-r-2>C oN i, Ti, Ta, P 
t , , m&G&CDZfn-kXVim. tt&tttt&ZAEBttttS 

^LTV>-5. VtM<Dtc«b\Z. H-7^JftLTN i P&& 

Ni, cr, p ;t ,,m#* mf&^T )Vzi>mii-?* ;\ 
*j 9 'J >^$nfc 2 5H 1 %<DC o oftfm&mrz c o 
Ni, Ti,., Ta,., B, P tn^^itT* 

5. sf^x^a. 2 o o A**©***msnfc«3S 

>mt5Guz i k- 1 0 0 1^7.*— (A'J7* 
fciJtvr. Pl/g/p2^3. 2/0. 3/3. 2m 

H*fflV»TfTo3t. GftCDttttt. 0. 87 3 

-f >^CO^giC*iViT. l|j*«J&*4 9 3. 6 7-f 

g@W5 1. 4 5"+Dl«»fc/'f >^T, 

[0 0 8 3] *4C^3nfcffiSiK*H «A©ttt6* 
^lfr-5iUig©C o C r T a JBfflOfitt® 1 

h->7 hffitt. #Rgl«ff£©MT*0. 

tttfct?*0, l«fcO/h$^ttBfeASr^T. SEoT. # 
B*>y;HC»LTtt, ffi»WftOWl*<0T*U, t* 
v bis? h^OTSO. ^LTtfa*'77?« { l • 0 

[0 0 8 4] $411 3 0mTmt<DM^7)l'3 
^yi"J>ysnfeCoNi, Cr, Pt„ (^B9H 

©jsni^**r-r*u->y;p tfj ©g®^** 

.^LTViS. coKtttt. #86-y->^'JP<tD ! b^iiPW 
5 0. SViOWR.t/ffl^{C©li##ii ; *>?<y^^-rc: 

■&tr£S*>n-5*<#H— 7"ON 1 PTi©±i:2 5mTo 
rr©?!5t^T^>ffi*TX/t y ^ 'J >y^nfe8BE'tt^ 

TJP^^ETJJCfc^e-r. CoNi, Cr, Pt,,iSE 



( 1 

29 

v>. t£&<Dfztb\z. -y->zr)i tgj a (c 

jfcBtCjJtt* K-78J<Dftft<'>ft<T, 4#tC 1 %A 1, 
O, T&O. -5-LTS^7JI/rf>JE^. 1#IC2 3mTorr 

tt. -tJ->^U TFJ £Q&tlT^Z>&* If >:/;!/ TAJ 
»5<i:te&$?T&^. OW*>, ^>f)V TFj Rtf TAJ 

[0 0 8 5] -y->yjl/ TBJ «. ^Sifi&JIlCJJtt-S h*- 



) #M¥8- 17 17 16 

30 

-C€r-5CLiS:SLTt>-5. ■y->^U TBj . TCj K.tf 
TDj «, */W*'J ^tfXlCN, «aUn-r&£&(C 

^ TEj tt. 7;l^>/£#£l 2mTorrlcTtf-tLT 

©e£«£jioj?#-£ i 8 o A\z&Tmm'?2>z\ii\z£t)m 

[0 0 8 6] 
[|g4] 



ID 








Par 


N2Gas 


He 


PW50 


ow 




My V 






m/ 


m/ T 




















TS 












(diff, 




(diff, 








(A) 


(mTorr) 


OS) 


(Oe) (ratio) 


-dB) 


(ratio) 


nS) 


A 


CoNiPtTiTa 


NiP-0% 


300 


25 


1.6 


1895 


0. 96 


-1.46 


0. 686 


-0.6 




-4SSi0 2 


Dopant 


















B 


CoNiPtTiTa 


NiP-2S 


170 


15 


0 


1906 


0.98 


-0.62 


0.884 


-0.45 




-4XSiO : 


A1,0 3 


















C 


CoNiPtTiTa 


NiP-2% 


170 


15 


0.34 


1975 


0.37 


-0.58 


0.825 


-0.57 




-4assio, 


A1,0, 


















D 


CoNiPtTiTa 


NiP-2S 


150 


15 


0.69 


1947 


0.97 


-0.28 


0.835 


-0.51 




-4SSi0, 


A1,0 3 


















E 


CoNiPtTiTa 


NiP-2% 


180 


12 


0.69 


1932 


0.97 


0.29 


0.871 


-0.36 




-4SSiO, 


A1,0, 


















F 


CoNiCrPt, : 


NiP-OS 


300 


30 


0.69 


1920 


1.01 


-0.56 


1. 169 


0.2 






Dopant 


















G 


CoNiTiTia 


NiP-1* 


300 


23 


0.69 


1920 


0.97 


-0.3 


0.914 


-0.31 




BPt-23Co0 


Al,0, 



















* *#HH*->^;p»4, He = 1 9 2 OXKf7 h\ M r t = 2. 5 m emu/ 
cm 1 <Dmm<DCoC rT am&lCDmftT? $>%><> 



[0 0 8 7] 02 5Si^2 6H St 4 a>£(Dga@ii8*£ 
-fay bLXihW&Zo 0 2 *4{C^$nfc« 

$>2>o 1 0 0<D9ci$T^2nrc{f7 7<Dtt<Dm& 
ScSO^fRlTfe^o HSU/ti^K, *%W<D&tx\ZJ: 40 
DX/t7^U >if£tltzV>-?)l< TDj Rtf TEJ te, 
<&&&ffi\Z&Z>V>-?)V TAJ TGJ \zBZ>OV?R 

B2 6(t ^n^tfy^l/^t^OW^k^y bis? h 
<Dif57-?$>Z>o zcDm&h, 0 2cD$fc$gfcte6:# 

TDJ Rtf TEj -y->^l/ TAj RZfi TGj 

[0 0 8 8] 02 7H 1 SmToTT<D7)ls-f>EEtl\Zi$ 
^T3 0 0A)P^NiP-2%TiO 1 WL±^M<D± 50 



-4%SiO 

'ifXx\z&tf 



l:X/^y?U>m§CoC rnPt, 

r U*. aflttttt'Sy K»Ki«J:5KBffl. Om 
emu/cm s \zmmntz 0 mit^\Z 1 HSf%^ 
e^*^Stlfc«ffiT2 6 0 OXJI/Xfy HCUiG)** 

^(DEPJfc^B^H^fFaiRT^^nfeHc «92 0 
OA^it^^tl^^UfiSttSjP^^MLxl 7lf%OP 
t coti'&tC2 0 0 OXJl/Xr^ K£>^) <tOt>ffi^tcS 
l/it>0T*§. Mrt7W&2. Smemu/cm' (00 
5(C^"T<ficofiStt^^«S?S:0, CoCr„Pt,,- 
4%SiO, «ff:OHcH #X*<DN, C0lilJP^#li 



( 

31 

-Pit. 

[0089] &5tt, mtt.2>&£.f$.m&m^Tm.$a.m® 

U>mfcCoCr,,Pt ll -4^Si;Si0 1 

#3. 5 MmTA-f 7X1S*U 1 5 U A©rl7 
-< yMSOaft^y HSfflV»TrX hSttifc. CoCr,, 
P t,, -4%S i 0,JKttSOX^y^U>^f tC^F« 

Sii*^y^**0. 3 18nS*^0. 2 5 6 nS^i 
M'>l/^LTOW)i«3 5. 6 3^6 4 4. 9 4^&#£ 
n-5. 0 2 7 KjjVT <fc 5 IC, ££>«E#CQHc te, N, W 

CoC r P t -4 



17 ) 1#I8¥8 - 17 17 16 

32 

sn^a<t8taf -sic^nTWHtcteTu -e-nsfe. n, <d 

HccD<STf-ck-2>t>«>-efe-5. frm-r^g z\ tiz, hc 
pw5 o«sis±^k-r^<i:st)n-r, 
cinte. £n£«s#<z>^sa<#x4>£>N, ©S"j^©i@ 

5 um<r>fa\,*7)V3>X.ny9 "J >yflE*COfc<tT, X 

/t7^U>^nfcCoNi, Ti,., Ta,., B, P 
10 t, b&M&mVtz 

[0 0 9 0] 
[«5] 

i 5 

5 s i o, mt¥ 





Par 




N2-GAS 


m n 


PW50 


m & 


OW 




















OnTorr) 




CO 


(mVp-p) 


(nS) 


(nm) 


(-dB) 


CoCr, ,Pt, , 


. 15 


NiP-2*TiQi 


0 


0.7907 


49.55 


3.98 


35.63 


-4XSiO, 
















CoCr, ,Pt, 


, 15 


NiP-2*Ti0 2 


0.2 


0.786 


49.64 


3.69 


38. 16 


-4*Si0, 
















CoCr, , Pt, , 


, 15 


NiP-2«Tift 


0.6 


0. 7703 


49.68 


3.29 


42.64 


-4SSiO, 
















CoCr,,Pt,, 


. 15 


NiP-2XTift 


0.9 


0.7753 


49.81 


3.2 


44. 94 


-4XSiQ, 
















CoNiTiTa 


25 


NiP-19£Al,0 a 


1.4 


0. 7072 


49.91 


3.45 


36.21 


BPt| 4 

















[0 0 9 1] «±, 4^Q?UlB*tt£-2fr>T*891€tt 

[0E<DfB¥fcift9J] 



, Pt,,-4%SiO, jK#©Hct»t5N, #Xgs 

[0 6] CoNi, Pt,,Ti, Ta, Pt,,-49SS 
i O, jBH£©Hc fC^-TSN i PTS©TSJ¥*-»ff ffl 

[07] CoNi, Pt,,Ti, Ta. Pt,,-4%S 
iO, ««:fflHcW5NiP-2!«Al, O, &£. 
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L. Ti tie of Invent ion 

Magnetic Alloy and Method for Manufacturing Same 

2. Clains 

1. A magnetic recording media, comprising: 
a non-magnetic substrate; 

a nucleadon layer, formed directly or indirectly on said non-magnetic 
substrate, comprising a compound of Ni and P and at least one dopant selected 
from the group consisting of oxides and nitrides of AU Hf, Si, Ta* H, and Zr; 

a recording layer, formed on said nucleadon layer, comprising a CoPt- 
based alloy and at least one segregant compound selected from the group 
consisting of oxides and nitrides having a bond strength of greater than 90 
Kcal/moL, such that the CoPt- based alloy predominantly forms single crystallite 
magnetic grains of uniform size, said single crystallite magnetic grains having 
grain boundaries, and further such that said segregant compound is disposed at 
least primarily at said grain boundaries; 

said recording layer further comprising a low solubility element selected 
from the group consisting of nitrogen and oxygen such that said low solubility 
element is disposed primarily at die boundaries of the magnetic grains; 

said magnetic recording media exhibiting a coerciviry of at least 1500 Oe, a 
coercive squareness and remanent coercive squareness of at least 0.8 each, and a 
switching field distribution of less than 0.2. 

t 
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2. The magnetic recording media of claim 1. wherein said single crystallite 
magnetic grains are f a mean diameter of 500A or less. 

3. The magnetic recording media of claim 2. wherein said single crystallite 
magnetic grains are spaced apart by a minimum distance of 5 A and by a 
maximum distance of 50 A, the grain spacing having a standard deviation of less 
than ± 10 A. 

4. The magnetic recording media of claim 2, wherein said single crystallite 
magnetic grains are spaced apart by a mean distance of 20A ± lOA. 



5. The magnetic recording media of claim 4, wherein a layer of insulating 
material having a thickness of at least 10 A is disposed between pairs of adjacent 
single crystallite magnetic grains. 

6. The magnetic recording media of claim 1. wherein the platinum content of the 
recording layer is less than or equal to 14 at.%. and the Mrt of me recording 
layer is 2.5 memu/cm 2 . 



7. The magnetic recording media of claim 1. wherein the platinum content of the 
recording layer is less than 18 at*, and the Mrt of the recording layer is 1.0 
memu/cm^. 
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S. The magnetic recording media of claim 7, wherein the mean diameter of the 
single crystallite magnetic grains is less than 100 A. 

9. The magnetic recording media of claim 1, wherein the dopant content of the 
nuclearion layer is less than 10%. 

10. The magnetic recording media of claim 9. wherein the compound of Ni and 
P of the nuclearion layer contains nitrogen in an amount less than 10%. 

11. The magnetic recording media of claim 9, wherein the compound of Ni and 
P of the nuclearion layer contains oxygen in an amount less than 10%. 

12. The magnetic recording media of claim 1, wherein the media includes only a 
single magnetic recording layer. 

13. The magnetic recording media of claim 1, wherein the segregate compound 
is selected from the group consisting of oxides and nitrides of As. Co r Cr, Dy. 
Gd, La, Lu, Ni, Oa, Pnx Ru, Re, Sc, Se, Si, Sm, Sd, Ta. Tb. Th. Ti, Tm, U. V. 
W, Y t and Zr having a bond strength of greater than 90 Kcal/mol. 
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14. A vacuum deposition target of the type used for sputter deposition of a 
Duclearion layer material onto a substrate, comprising the mixture of a compound 
of Ni and P with at least one dopant selected from the group consisting of oxides 
and nitrides of AL Hf. Si, Ta, Ti. and Zr. and inevitable impurities. 



15. A vacuum deposition apparatus of the type including the vacuum deposition 
target of claim 14, further comprising a vacuum deposition target used for 
sputter deposition of a magnetic recording layer material, comprising a CoPt- 
based alloy and at least one segregant compound selected from die group 
consisting of oxides and nitrides having a bond strength of greater than 90 
Kcal/mol., and inevitable impurities. 



16. The vacuum deposition apparatus of claim 15, wherein the segregant 
compound is selected from the group consisting of oxides and nitrides of As, Co, 
Cr, Dy. Gd, La, Lu. Ni, Os, Pm, Ru, Re, Sc, Se, S, Sm, So, Ta, lb, Th, Ti. Tnu 
U. V, W, Y, and Zr having a bond strength of greater than 90 Kcal/moL 



17. A magnetic recording media for magnetically storing data, comprising: 
a non-magnetic substrate; 

an elecxroless plated NiP layer formed direcdy on said substrate having a 
thickness between 5 to 15 urn to which a selected texture has been applied; 

a sputtered amorphous nuciearion layer formed directly on said electroless 
plated NiP layer, said nucleation layer of a thickness between 5 and 100 nm. 
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comprising a mixture of N13P and less than 10 wc.% of at least cue dopant 
selected from the group consisting f AI2O3 and Ti0 2 . said nuclearion layer 
comprising grains having a mean diameter between 50 and 500 A which are 
separated by a mean distance of less than 50 A; 

a sputtered magnetic recording layer formed directly on said nuclearion 
layer, said recording layer comprising an alloy of Co. Pt, and at least one element 
sclccad from the group consisting of B. Cr. Ni. Ta. and Ti, said recording layer 
comprising grains whose size and spacing are determined by the size and spacing 
of the grains of said nuclearion layer, the grains of said recording layer having a 
mean diameter between 50 and 500 A which are separated by a mean distance of 
less than 50 A. each grain having a boundary and being substantially surrounded 
at said boundary by an insulating material of thickness less than 50 A said 
insulating material being selected from the group consisting of CoO and S1O2, 
said recording layer further comprising a nitride of at least one element, if said 
element is otherwise present in said recording layer, selected from the group 
consisting of Co, B, Cr, Ni, Ta, and Ti"; and 

a sputtered protective overcoat layer formed directly on said recording 
layer of thickness less than 300 A comprised a material selected from the group 
consisting of hydrogenated carbon and Zr02- 



18. A method of manufacturing a magnetic recording media of the type 
exhibiting a coercivicy of at least 1500 Oc, a coercive squareness and reman* 
coercive squareness of at least 0.8 each, and a switching field distribution of 
than 0.2. comprising the steps of: 
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pr viding a vacuum deposition system having a partial pressure of H2O of 
less than 5.0 xlO" 5 Torr and an inert gas pressure of less than 20 x 10"J Torr; 

introducing into the vacuum deposition system a contributanc gas in an 
amount of at least 0.5 

introducing a non-magnetic substrate into the vacuum deposition system; 

depositing directly or indirectly onto the non-magnetic substrate a 
nucleatioa layer comprising a compound of Ni and P and at least one dopant 
selected from the group consisting of oxides and nitrides of Al, Hf, Su Ta, Ti, 
and Zr. and 

depositing onto the nucleatiou layer a recording layer, formed on said 
nucleation layer, comprising a CoPt-bascd alloy and at least one segregant 
compound selected from the group consisting of oxides and nitrides having a 
bond strength of greater than 90 Kcal/moL, such that the CoPt-based alloy 
r^oniiiiandy forms single crystallite magnetic grains of uniform size, said 
single crystallite magnetic grains having grain boundaries, and further such that 
said segregant compound is disposed at least primarily at said grain boundaries; 

wherein elements of said contributant gas are introduced from the vacuum 
deposition system into the recording layer predominanriy at the boundaries of the 
magnetic grains. 
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19. The method of claim 18. wherein me contributant gas is a gas selected from 
the group consisting of O. N. CO. C02. NO, N 2 Q- 



20. The method of claim 18. further comprising die step of introducing a 
selected amount of H2O into the vacuum deposition system such that the H2O 
partially decomposes and serves as a source of elemental oxygen, and further 
such that said recording layer is formed to incorporate said element oxygen at the 
boundaries of the magnetic grains. 



21. The method of claim 18. wherein the vacuum deposition of said nuclcation 
and said recording layers comprises sputtering from sputtering targets, and 
further wherein the sputtering target from which the recording layer is sputtered 
has segreganc added thereto, and further said sputtering target from which the 
recording layer is sputtered has an oxygen content of below 2000 ppm before 
said addidon of segregant 



22. The method of claim 18, wherein the segregant compound is selected from 
me group consisting of oxides and nitrides of As, Co, Cr, Dy. Gd, La, Lu, Ni. 
Os. Pm, Ru, Re, Sc. Se, SL Sm» So, Ta. Tb. Th. Ti. Tm, U, V, W, Y. and 2r 
having a bond strength of greater man 90 Kcal/moL 



A magnetic recording media formed by the method of claim 18. 
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3. Del* I led Description of tnveatian 



FIELD OF THE TlWBTsrTfnM 



The present invention relates generally to the manufacture of magnetic 
recording media used in rigid disc drives commonly used for computer data 
storage. In particular, the present invention is a method for vacuum deposition 
of a magnetic alloy onto a substrate in an extremely dry (Le., low partial pressure 
of water) environment and under low argon pressure, on a specified nuclearion 
layer with the addition of a selected segregant and a comributant gas to maincain 
me requisite high squareness and simultaneously lowest noise achievable in simple 
sputtering process. 

BACKGROUND 

Recording performance for magnetic disks is commonly determined by 
three basic characteristics - PWSO.'bvervratc (OW), and noise. PW30 is cne 
pulse width of the bits at half-maximum, expressed in either time or distance. A 
narrower PW50 allows for higher recording density, while a wide PW50 means 
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that the bits are crowded together, resulting in adjoining bics interfering with one 
another. This interference is termed inter-symbol interference. Excessive inter- 
symbol interference limits the linear packing density of bits in a given track, 
hence reducing the packing density in a given area, and hence limiting che 
recording capacity of the magnetic media. 

One means of reducing PW50 is to reduce the thickness of the magnetic 
layer of the media (the media being comprised of at least a substrate, a magnetic 
layer, an overlayer, and possibly additional layers). Another means of reducing 
PW50 is to increase hysteresis loop squareness ("S". including coercivity 
squareness "S 4 " 1 and remanent coercivity squareness "S*rem"). and narrow the 
switching field distribution ("SFD"), as described by William and Comstockin 
-An Analytical Model of the Write Process in Digital Magnetic Recording," 
A.IJP. Conf. Proc. Mag. Materials 5, p. 738 (1971). Yet another means for 
reducing the PW50 is to increase the coercivity ("He") of the media. 

Overwrite COW) is a measure of the ability of the media to accommodate 
overwriting of existing data. That is. OW is a measure of what remains of a first 
signal after a second signal (for example of a different frequency) has been 
written over it on the media. OW is low, or poor when a significant amount of 
the first signal remains. OW is generally affected by the coercivity. the 
squareness, and the SFD of the media. For future high density recording, higher 
He media will be preferred However, gains in He are generally accompanied by 
losses in OW. Thus, there is a need in the art to improve the S* and the SFD to 
obtain improvements in OW. 
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Noise performance f a magnetic film is typically defined in terms of read 
Jitter and write jitter. Read jitter is primarily determined by the amount of signal 
available from a bit, and the electronic noise in the channel. A thicker magnetic 
film will typically provide reduced read jitter. Unlike read jitter, write jitter is 
determined by the intrinsic noise of the film. Intrinsic media noise has been 
theoretically modeled by Zhu et aL in "Micromagneric Studies of Thin Metallic 
Films-, J. AppL Phys., voL 63. no. 8. p. 3248 (1988), which is incorporated by 
reference herein. Chen et aL describe the source of intrinsic media noise in 
"Physical Origin of Limits in the Performance of Thin-Film Longitudinal 
Recording Media," IEEE Trans. Mag., vol. 24. no. 6, p. 2700 (1988), which is 
also incorporated by reference herein. The primary source of intrinsic noise in 
thin film media is from interpartiele exchange interaction. In general, a higher 
interpardcle exchange results in higher S* and lower SFD due to the co-operative 
switching of magnetic grains. However, a high exchange interaction results in 
high noise. 

The noise from interpartiele exchange interaction can be reduced by 
isolating the individual particles (grains). This may be accomplished by 
physically spacing the grains apart from one another as described by Chen et al. 
in the aforementioned "Physical Origin of Limits in the Performance of Thin- 
Film Loogimdinnl Recording Media". The amount of separation need be only a 
few angstroms for there to be a significant reduction in interpartiele exchange 
interaction. 

There is another interpartiele interaction, called magnetostanc interaction, 
which acts over a much greater distance between panicles as compared to the 
exchange interaction. Reducing the magnetostatic interaction does reduce 
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intrinsic media noise slightly. However, the effects of magnetostatic interaction 
actually improve hysteresis loop squareness and narrow the switching rleld 
distribution (but to a lesser extent than the exchange interaction), and hence 
improve PW50 and OW. Therefore, magnetostatic interaction is generally 
desirable and hence tolerated. 

In order to obtain the best performance from the magnetic media, each of 
the above criteria - PW50, overwrite, and noise « must be optimized. This is a 
formidable task, as each of these performance criteria are inter-related. For 
example, obtaining a narrower PW50 by increasing the He will adversely affect 
overwrite, since increasing He degrades overwrite. A thinner media having a 
lower remanent magnetization- thickness product ("Mrt" where Mr is the 
remanent magnetization and t is thickness of the magnetic layer) yields a 
narrower PW50 and better OW, however the read jitter increases because the 
media signal is reduced Increasing squareness of the hysteresis loop contributes 
to narrower PW50 and bearer OW, but may increase noise due to interparticle 
exchange coupling and magnerostatic interaction. Since it is a known goal to 
reduce or eliminate interparticle exchange coupling, the amount that PW50 may 
be narrowed and OW improved has heretofore been limited by the increase in 
tolerable noise level arising from the magnetostaric interaction of the media. 

Therefore, an optimal thin film magnetic recording media for high density 
recording applications, Le^ that can support high bit densities, will require low 
noise without adversely sacrificing PW50 and OW. Recording density can then 
be increased since bit jirier is reduced. One type of magnetic media which has 
allowed optimizing certain of the above performance criteria is based on alloys oi 
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cobalt (Co) and plarinum (Pt), due to the alloys' ability to provide high He and 
high magnetic moment. 

The media noise of CoPt based alloys can be reduced by a number of 
different approaches, but as described in the following, these methods suffer 
from loss of hysteresis loop squareness (i.e.. lower 5- and higher SFD). increased 
PW50, decreased OW, and other disadvantages. One such approach teaches about 
deposition of the magnetic alloy by sputtering in a high argon pressure 
environment, as has been described by Chen et al. in the aforementioned 
-Physical Origin of Limits in the Performance of Thin-Rim Longitudinal 
Recording Media". Basically, the application of high argon pressure results in 
isolated, exchange decoupled grains. Although the media noise is reduced, S* and 
OW decreased, and SFD increased resulting in an increase in PW50. 

In another approach, in order to. decrease the media noise, it is known to 
introduce oxygen into the magnedc film in a concentration of 5 to 30 atomic 
percent (at.%), as taught by Howard et aL in U.S. Patent no. 5.066452, (see also 
Howard « aL's U.S. Patent no. 5.062.938, which teaches oxidizing the magnetic 
grains after growth). Howard et aL teach the formation of a magnetic layer by 
vacuum sputtering in an argon atmosphere into which oxygen has been 
introduced. Oxygen is therefore introduced into the magnetic layer from the 
sputtering environment. However, as pointed out by Howard et al. in said patent, 
introducing oxygen decreases both He and S*. 

There are a number of disadvantage to the approaches taught by Howard et 
aL C938) First, the additional step of oxidizing a sputtered layer after depositing 
an unpurity adds to the manufacturing complexity and cost. Second. Howard et 
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al. teaches nothing about controlling the formation of the oxides. Third, Howard 
et al teaches nothing about controlling the grain size and grain uniformicy. 

Yet another approach is to make granular films having grains of magnetic 
alloys containing Si02- Details about these films have been described by C. L. 
Chien et al. in "Magnetic Granular Fe-Si02 Sohds", J. Appl. Phys. f 61(B), p. 
33 U (1987), and S. H. Uou et aL in -Granular Metal Films a recording Media", 
AppL Phys. Lett.. 52(8), p. 512 (1988). Essentially,. these researchers were 
depositing Fe-Si02 either by co-sputtering or by using composite targets and the 
magnetic films were deposited without underlayers. The values for He of around 
1100 Oe and for squareness of around 0.6 were obtained. These values are 
unacceptably low for high density recording applications. 

Similarly, addition of Si02 has been exploited by S himiz u et al. as 
described in "CoPtCr Composite Magnetic Thin Films". IEEE Trans. Mag., vol. 
28, no. 5, page 3102 (1992), and its companion patent applications: European 
Patent Application 0 531 035 A 1, published March 10, 1993. and Japanese Patent 
Application 5-73880, published March 23, 1993. Specifically, lower media noise 
and higher in-plane coercivity were noted with an introduction of approximately 
10% by volume (vol.%) Si02- The S* of these films were generally around 0.6, 
as discussed in the aforementioned paper of Shimizu et al. Thus, although media 
including S1O2 showed lower media noise and higher He, the squareness obtained 
was again too low to meet the requirements for high density recording- It should 
also be noted that Shimizu et al. required approximately 17-1S at.^ of Pt in the 
alloys. Such high percentage of Pt significandy increases the manufacturing cost 
of such media (although for media designed for use with magneto-resistive heads, 
e.g. t having an Mrt of about LO memu/cm 2 , a higher platinum content, such as 
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18%. may be required to maintain He). Furthermore, ic should be noted that 
Shimizu et al. achieved a peak He of 1700 Oe f an unacceptable limit for future 
high density recording applications. 

Another approach, as discussed in Japanese Patent Application 5-197944, 
published August 6, 1993 (Murayama et al.) is use of SiOo for increased He while 
sputtering in the presence of a broad range of N2, for example 0.1 to 10% on a 
NiP under layer. Lower media noise was obtained, but at the cost of decreasing 
S* as the percentage of SiOa increased. Thus, lower media noise was obtained at 
the cost of increasing PW50 and OW. Additional teachings reladng to S1O2 may 
be found in VS. patents 4,837.094 to Kudo (teaching an amorphous alloy) and 
4,769,282 to Tada et aL (teaching an alloy including rare earth elements). 
Importantly, all of (be references to Si02 teach alloying or admixing the S1O2 
with the magnetic film constituents, as opposed to depositing S1O2 and the 
magnetic film constituents under conditions such that there is co-deposition but 
only miniTTial alloying of the Si02 with the magnetic film material. 

There are a number of disadvantages to the alloying or admixing of 
impurities, for example as taught by Shimizu et aL Hrst, the addition of an 
impurity material (e.g., up to 30 voL% S1O2 by Shtaizu et aL) results in a 
decrease in Ms and hence a decrease in Mr. Therefore, the thickness of the 
magnetic layer must be increased to maintain sufficient Mtl This is undesirable 
because an increase in film thickness is generally accompanied by an increase in 
space loss between the head and the media, which results in a larger PW50 and 
worse OW. Second, the sputtering process is made more complex and more 
costly by the requirement that additional materials he sputtered. Third, the 
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alloyed or admixed impurity docs nothing to increase grain is larion to thereby 
reduce exchange coupling induced noise. 

Murdock et aL in "Noise Properties of Multilayered Co- Alloy Magnetic 
Recording Media", DEEE Trans. Mag., vol. 26. p. 2700-2705 (1990} teach 
deposition of multiple Layers of magnedc material isolated from each other by 
layers of nonmagnetic material to reduce media noise. It is theorized that grain 
sue and distribution may be relatively controlled several grains in thickness 
above an under layer. As a 61m grow thicker, the grains tend to vary in size and 
position. Thus, Murdock et aL teach controlling grain size and spacing by 
deposition of an under layer, forming a thin magnetic layer thereon several 
grains in thickness, forming on this magnetic layer another under layer, forming 
on that under layer another thin magnetic layer, and so on. Although media noise 
is reduced due to smaller isolated grains, the SFD is increased and the squareness 
is reduced due to a difficulty in matching the He of the individual layers. 

Moreover, the grain size of the thinner magnetic layers may be reduced so 
much that the magnetic grains may become superparamagnetic, resulting in a 
dramatic decrease in He. Manufacturing of such multilayered films is also very 
difficult and requires additional process chambers over current equipment 
requirements. In addition, special attention is needed to design the manufacuiring 
process to mimmize oxidation of thinner magnetic layers. Thus, although the 
multi-layer approach does teach a method for reducing media noise, the 
squareness degrades and the process is difficult and expensive. 

Currendy, there are recognized limits on the ability to obtain high 
squareness and low media noise simultaneously. This is especially true with 



15 



( 42 ) nm^S - 17 17 16 

regard to isotropic media. This problem has lead to c ropr raises in the values of 
the magnetic performance parameters.. ease and cose of rnnnufacturing, etc.. f r 
longitudinal recording media for high recording density. See, for example. Yogi 
et aU "Longitudinal Media for 1 Gb/ufl Areal density*. IEEE Trans. Mag., vol. 
26. page 2271 (1990). Therefore, there is at present a need in the art for a 
method of reducing media noise without cornrxonrising other media performance 
characteristics such as high coercivity. high squareness (high S* and lower SFD). 
high SNR, high overwrite, and low PW50. this is becoming crucial for high 
density applications as recording densities approach (or exceed) 10 GMn 2 . 

Summary ft' fr* Invention 

The present invention solves the problems and needs of the art by 
providing a magnetic recording media, and method for manufacturing same, such 
media having high coerdvity and bigknysteresis squareness and optimized to 
provide superior magnetic recording parameters such as PW50, intrinsic media 
noise, bit shift, and OW in high density applications. The method of 
manufacturing such media comprises a system of vacuum deposition operating 
conditions and steps which yield such an optimized media. 

Control of grain growth and structure is a key aspect of the present 
invention. Media according to the present invention is comprised of individual 
magnetic grains which are isolated from one another by a solid scgregant and 
which have a controlled size and spacing. This media will typically exhibit 
coercivity squareness and remanent coercivicy squareness of at least 0.3 each, a 
switching field distribution of less than 0.Z and a coercivity of ax least 1500 Oe 
(with a minimum required Pt content), while simultaneously providing the lowest 
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media jitter noise for optimum magnetic performance. Hie media exhibits a high 
degree of in-plane anisotropy. Therefore, this media is ideally suited for current 
and future high storage density applications such as use with magneto-resistive 
heads. 

Results of our research indicate that the basic unit of thin film magnetic 
recording media is a grain, which is comprised of one or more individual 
crystals. The crystals within a grain exhibit high exchange coupling, so that the 
magnetic moments of the grains arc perfectly aligned with one another. We have 
found that in order to minimize intrinsic media grain noise while maintaining 
high hysteresis squareness each grain should be comprised predominantly of a 
single crystallite and be of small size, and that all grains should be of a uniform 
size In addition, we have found that the grains should be uniformly spaced apart 
from one another by an isolating material to completely eliminate exchange 
coupling and reduce write related jitter noise attributed thereto. 

On top of the dominant contribution of exchange coupling and minor 
contribution of inagnetostatic interaction to the write jitter noise, we have 
discerned a third contribution related to grain size. The noise contribution from 
grain size (herein called "grain noise") is a consequence of the formation of 
transition boundaries along grain boundaries. Consequently, large grains or 
clusters of non-separated grains produce a more jagged, or zig-zag grain 
boundary line, and thus a more jagged, or zig-zag transition boundary than small 
grains. The jaggedness of me aansition boundaries results in grain noise. For 
future high recording densities, as bit size decreases, the contribution of the grain 
size to write jitter noise will play a very important role. Thus, the ability to 
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provide uniformly small grain size is an important aspect of the present 
invention. 

"The results of our research further indicate that use of a proper aucleabon 
Uyer beneath the recording layer is critical to obtaining the uniform grain size 
and spacing necessary for high coercivicy squareness and low noise. The function 
of this nuclearion layer is to provide nuclenrion sites to which individual magnetic 
grains will adhere. The grain size and spacing arc significantly dictated by the 
initial growth conditions. Since magnetic grains will form at nuclearion sites, 
controlling the size of each nuclearion site and the spacing between adjacent 
nucleation sites will provide the facility for controlling the grain growth 
characteristics of size and spacing. In addition, proper control of the size and 
spacing of the magnetic grains provides a method for optimizing the segregation 
of segregant material (discussed below) at the magnetic grain boundaries. 

Accordingly, it is injportarit to distinguish between an undoped under 
layer, which may or may doc provide nuclearion sites, and a nuclearion layer. An 
undoped under layer does not necessarily provide the aforementioned nucleation 
sites, and cenainiy is not optimized for subsequent magnetic grain growth. Thus, 
the layers of material such as undoped NOP taught by the prior art win be 
referred co as under layers, while layers such as compounds of Ni and P alloyed 
with selected dopants, such as certain oxides or nitrides, as taught by the present 
invention, will be referred to as nuclearion layers. The laid open Japanese Patent 
Application 5-73880, and its EPO equivalent cfiscussed above (Shimizu et aL) and 
laid open Japanese Patent Application 5-197944 (Murayama et al.) each discuss 
use of an underiayer, but fail to suggest or even recognize the importance of the 
grain, growth mechanism provided by a nuclearion layer. In fact, Shimizu et al. 
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generally set aboui to form their magnetic media without use of any type of 
under layer and Murayama et al. focuses oa the addition of Si02 to the recording 
layer material to overcome the limited benefit provided by an NiP under layer. 

In accordance with the present invention, the nuclearion layer will typically 
be a compound of Ni and P to which is added a dopant for example up 10 10 
percent by weight (wc.%) (sputtered from a common or separate sputter targets). 
The nuclearion layer will typically be amorphous, crystalline or a mixed phase 
structure. Each grain of the miclearion layer is defined by a boundary. The 
dopants are typically selected from the group consisting of oxides and nitrides of 
AL 15. Hf, Zr. Si, and Ta. One specific nucleadoo layer is comprised of Ni3P 
together with 2 wc.% Ti02. Other typical examples for the nucleation layer 
include Ni3P alloyed together with 2%, 3% or 4% AI2O3. While a compound of 
Ni and P together with a dopant is one example of a nucleation layer composition, 
we believe thai oxide or nitride doped elements or compounds other than NiP 
will also provide the desired results. 

We have also discovered certain deposition conditions which are critical to 
obtaining media with optimized magnetic parameters. For example, we have 
discovered that maintaining a low partial pressure of H2O in the deposition 
system yields a significant reduction in grain "clustering." The presence of H20 
in the system appears to result in oxidation of the grains. This oxidation results 
in a grain constituted of several crystallites clustered together. These clusters 
exhibit non-uniform switching during magnetization reversal, resulting in poor 
squareness and higher intrinsic grain noise. Importantly, me low partial pressure 
of H20 must be maintained during the sputtering process - referred to herein as 
steady son; partial pressure. We have found mat an HoO partial pressure of less 
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than 5 x I0" s Tort, and preferably less than 1.2 x 10* 05 Torr. as monitored by 
residual gas analysis (RGA). is preferred during deposition. Ones again, the 
prior art such as Shirnizu et al., Howard, and Muiayama et aL each fail co 
recognize the importance of controlling the partial pressure of H2O. 

In addition, we have also found that deposition of the magnetic film at 
relatively low argon sputtering pressures results in predominantly single crystal 
grains. For example, a sputtering pressure of 20 mTorr or lower in an RF or 
RF/DC sputtering system significantly reduces the clustering of the magnetic 
crystallites and enhances the uniformity of particle size and distribution. 

We have also discovered that although a dry ambient and high vacuum 
condition provides uniform grain structure having minimal clustering, these 
conditions generally change the initial growth mechanism of me magnetic alloy, 
resulting in more columnar growth structures which favor the out of plane c-axis 
(easy axis of tnagnenzarion). Such media is not well suited for longitudinal 
recording. According to the present invention, a known amount of what is 
referred to herein as a contributant gas. examples of which include N2, 02. NO, 
N20. CO, and CO2. is introduced during sputtering of the media, in a dry 
ambient and a high vacuum, to ensure the initial growth conditions which result 
in a predominantly in-plane anisotropy and to simultaneously facilitate the crystal 
grains growing separately from each other with a large angle grain boundaries. 
In addition, the squareness S* of the magnetic media is farther enhanced to 
greater than 0.8. by adding an optimum amount of the contributanc gas to the 
sputtering system during deposition. It should be noted that the exact percentage 
of contributant gas added to the sputtering environment depends ultimately on the 
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type of coniributant gas used, the magnetic alloy (and purity of the target), die 
composition of the underlayer. and the vacuum condition. 

In addition, the magnede recording media is manufactured by a deposition 
technique in which a nonmagnetic segregant material, such as an oxide or oitride 
of As. B. Ce. Co. Cr. Dy. Gd. Ho, La. Lu, Mi, Os. Pm. Ru. Re. Sc. Se, Si. Sm. 
So. Ta, Tb. Th, T., Tm. U. V. W. Y, or Zr. is deposited together with the 
magnetic material. In a single deposition step, without post deposition treatment, 
the segregant material must uniformly diffuse to the grain boundaries to provide 
sufficienruolarion between grains without adversely affecting the intrinsic 
magnetic properties such as magnetization and coercivity. In order to accomplish 
mis, the segiegant material is insoluble in the magnetic alloy, and is 
Bennodynamicaay stable. Hie stability of these insoluble compounds are 
determined based on their bond strength, which should be at least greater than 90 
Keal/mol. 

While the concentration of the segregant material in the deposited media 
must be sufficient to completely separate each individual magnetic grain at the 
grain boundaries (thereby minimizing media noise from intergraaular exchange 
coupling), there is an upper limit to the amount of segregant which can be 
incorporated in the magnetic film. This upper limit is a function of the decrease 
in coercivity. a decrease in saturation magnetization, and/or squareness caused by 
the addition of segregant material. Typically, a target coercivity anaVor 
squareness will be identified, and the amount of segregant will be selected such 
that the coercivity and/or squareness are maintained at or above their target 
values. Typically, the amount of segiegant material added will be at about or 
below 10 molar percent (mol.*}. Importantly, however, in order that the 
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segregant materials segregate to the grain boundaries of each magnetic grain, die 
aforementioned mechanisms which cause clustering of the magnetic grains and 
crystals must be suppressed, and the large grain boundaries must be provided to 
facilitate segregation. 

The effects of the introduction of the segreganc and contribucant gas in a 
dry sputtering environment according to the present invention are greatly 
enhanced by employing the aforementioned nucieation layer under the magnetic 
layer. We have found that in order for the segregont to be effectively segregated 
at the grain boundaries in a dry sputtering environment and low argon pressure, 
the deposited magnetic film must be provided with large grain boundaries at an 
initial stage of grain growth. Selection of the proper nucieation layer provides 
the requisite large grain boundaries, while simultaneously providing control over 
grain size and grain spacing. Therefore, growth of the magnetic recording layer 
on an appropriate nucieation layer is critical to (a) facilitate the introduction of 
scgregant at die grain boundaries, (b) conrrol the grain size, and (c) control the 
grain spacing in the magnetic recording layer. 

hx addition, we hayc found that the introduction of a controlled amount of 
a selected comributant gas, such as nitrogen, oxygen, CO, C02, etc., in addition 
to providing in-plane anisotropy, provides an enhanced grain separation at the 
initial stages of grain growth. Thus, the presence of such a contribucant gas 
facilitates the introduction of the segregant material at the grain boundaries. 

The resulting additional material such as the stable insoluble compound in 
the magnetic layer and sputtering conditions have a minimal impact on the 
magnetic layer's saturation magnetization Ms and magnetic remanence Mr. High 
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remanent squareness is achieved, and hence there is minimal impact on the 
overall thickness of the magnetic layer. Importantly, exchange coupling induced 
nois can be completely suppressed by the introduction of the segregant material 
and other steps of the present invention. Simultaneously, a high coercivity, for 
example 1500 Oe or greater, and high coercivity squareness and remanent 
coercivity squareness, for example greater than 0.8 each, are obtained 

Therefore, a greariy improved media which is best suited for future high 
density recording applications is provided by sputtering a magnetic recording 
layer containing a segregant material onto a doped nudeation layer in a dry 
sputtering environment at a low sputtering pressure in the presence of a 
contributant gas. The resulting magnedc layer exhibits predominantly single 
crystallite grains of small and uniform size which are uniformly spaced apart 
from one another by the segregant material at the grain boundaries. The method 
of the present invention provides control over the resulting media's recording 
performance characteristics, and adds little additional complexity or cost to an 
existing sputtering process. 

Detailed Description 



Fig. 1 is a cross section (not to scale) of a typical rigid thin-film magnetic 
disk 10 constructed in accordance with the present invention. A general 
description of the complete disk 10 will be presented below, followed by a 
detailed description of certain of the layers thereof and the methods and 
conditions for their deposition. Finally, a detailed description of several 
examples will be presented to highlight various of the important aspects of the 
present invention. 

Disk 10 consists of an aluminum alloy substrate 1 1 onto which a plated 
layer 15. typically of NiP, is formed by elecrroless plating or other methods well 
known in the arc Layer 15 typically has a thickness in the range of 5 to 15 Jim. 
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The plated layer 15 of NiP provides strong mechanical support on the relatively 
soft aluminum substrate 11. After layer 15 is plated onto substrate 1 1. the disk is 
polished, textured, and cleaned. Although the embodiment detailed herein 
employs an aluminum substrate, media based on other substrate materials such as 
glass. Memcor (a Trademark for a Corning proprietary glass ceramic material), 
carbon-based materials, silicon, titanium, stainless steel, etc.. are equally within 
the contemplation of the present invention. 

A nucleation layer 16. described in farther detail below, is then deposited 
onto layer 15. Sputtering is the preferred method of depositing nucleation layer 
16. although other methods of deposition may accomplish the desired goal of 
formation of this layer. Typically, sputtered nucleation layer 16 is in the range 
of 5 to 100 nm thick. 

A recording layer 18 comprising a magnetic alloy and an insoluble 
"stable" segregant material, described in further detail below, is then deposited on 
tmclearion layer 16. Again, sputtering is a preferred method for deposition of 
this layer, although other techniques are available to accomplish the goal of 
deposition of this layer. 

Finally, a protective over layer 20 of a type known in the art, eg., of 
hydrogenated carbon, or oxides such as Zr02. Si02, «c or nitrides such as TiN. 
ZrN. etc, or carbides such as TiC SiC, etc. of a thickness for example less than 
300 A, and a lubricant layer 22 of a type known in the arc. e.g., a solid or liquid 
lubricant, are applied over layer 13. Details of the protective over layer 20 and 
lubricant layer 22 are beyond the scope of ibe present invention, and therefore 
are not discussed in detail herein. 
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In one embodiment of the present invention layers 16, 18. and 20 were 
sputtered in an in-line sputtering apparatus 30 f the type schematically shown in 
Fig. 2. Apparatus 30 includes a chamber 32 into which a substrate 1 1 is placed. 
Substrate 11 is mechanically coupled to a disk pallet carrier for example as 
described in U.S. Patent 5.244.555 (Allen et aL) which moves substrate 11 past 
first second, and third pairs of targets 34a. 34b. 36a. 36b, 38a, and 38b for 
doable sided sputtered media. Targets 34a and 34b are used to sputter nucleation 
layer 16 onto substrate 1 1. and targets 36a and 36b are thereafter used to sputter 
recording layer 18 onto nucleadon layer 16. Each of these pairs of targets wfll 
be discussed in further detail below. Targets 38a and 38b are thereafter used to 
sputter over layer 20 onto layer 18. 

Apparatus 30 also includes gas sources 40. 42, and 44 for introducing 
selected gases such as argon, krypton. -etc., into the vicinity of targets 34a and 
34b. 36a and 36b. and 38a and 38b respectively. Gas evacuation pumps 54. 56. 
and 58 are provided to remove gas from the vicinity of targets 34a and 34b. 36a 
and 36b, and 38a and 38b respectively. 

In order to achieve the specific goals of the present invention, a CoPt-based 
magnetic alloy is deposited together with an insoluble segrcgant material from 
targets 36a and 36b. In one embodiment, the CoPt is alloyed with Ni. In this 
embodiment, the platinum concentration is between about 5 and 20 as.%, the 
nickel and/or chromium concentration is up to about 15 ar.%. and the cobalt 
concentration is greater than about 75 at-S>. Ia another embodiment, the CoPtNi 
is alloyed with Ta and/or Ti in a concentration of about 10 at.* or less. Cr may 
also be introduced, for example in a concentration up to about 3 at. 56. Media 
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having this type f recording layer is disci sed in further detail in applicant's co- 
pending U.S. patent application serial. number 08/188,954. which is incorp rated 
by reference herein. 

As has been described, a primary source of media noise is inter granular 
exchange coupling. As discussed by Chen ct aL in the aforementioned "Physical 
Origin of Limits in the Performance of "Thin-Film Longitudinal Recording 
Media,** one method of reducing coupling Doise is to isolate the grains of chc 
recording layer from one another. This is the role of the insoluble segregant 
material. Various materials, such as oxides and nitrides of As, B, Ce, Co, Cr, 
Dy f Gd, Ho. La, Lu, Ni. Os, Pm, Ru, Re, Sc. Se, Si, Sm, Sn, Ta. Tb, Th, Ti, Tm, 
U, V. W, Y. and 2r are effective for grain isolation. The selection criteria for 
.die segregant material is that firstly, it should be relatively insoluble in the 
magnetic alloy such that it segregates to the grain boundaries, and secondly, it 
should be stable as determined by the-binding energy of the compound which 
should be greater than at least 90 Kcal/mol. for D?98 (as described in the 
Handbook of Chemistry and Physics, 69th ed, CRC Press, 1988-89), For a more 
detailed discussion of CoO and other related segregant materials, the 
aforementioned U.S. patent application serial number 08/223,636. It should be 
noted that in the following description and associated figures, CoO and Si02 are 
used as examples of the insoluble "stable" segregant. However, one or more of 
marry such insoluble "stable"' segregancs are within the contemplation of the 
present invention. 

The alloy comprising recording layer 18 may also include other elements 
selcctcH from the group consisting of B, P, C N, Zr, Hf, V, W t Re, and Si. One 
or more of these elements may be selected to oprimi2e one or more of the 
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performance parameters of the recording layer, and the specifics of the selection 
criteria are beyond the scope of the present invention. In general, however, the 
sum of the Ta, Ti, Cr, and/or other elements listed above should not exceed about 
20 at% of the local alloy so as co maintain high Ms. As will be appreciated by 
one skilled in the art, the exact amounts of the various constituents may be 
adjusted, above or below the cited ranges, in order to optimize one or more 
attributes of the resulting media. Furthermore, the CoPt-based alloy and the 
segregant material me be deposited from a single spattering target or separate 
sputtering targets (co-sputtered) as appropriate. 

As previously stated, optimal recording performance may be obtained 
when the grains comprising the recording layer are uniform is size and 
uniformly spaced apart by segregant material. This is illustrated in Fig. 3. In 
fact, we have found that it is extremely important that each of the magnetic grains 
70 should be a single crystallite of nearly identical size, uniformly isolated from 
one another by insulating material 72 to break intergranular exchange. For 
furnre high density recording applications, for example 10 Gb/in 2 , the maximum 
allowable write jitter is expected to be on the order of only 4 to 10 nm. We 
believe that grain size of media for such applications will be as small as 100 A or 
smaller. Thus, we have discovered that in order to achieve performance targets 
for such media, the individual grains 70 must be uniformly isolated by between 
about 5 ro 50 A, with a standard deviation of spacing equal to or less than about 
10 A, preferably 20 A ± 10 A, with an insulating material 72 of a thickness 
around 10. A disposed between grains to eliminate the exchange interaction yet 
support the highest write density. Media having such a recording layer will 
exhibit the highest possible squareness while maintaining the lowest possible 
media noise, as required for future high recording density applications. 
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We have discovered that one requirement tor obtaining such a recording 
layer is that the recording layer be formed on a specific nuclearion layer 16. A 
nuclearion lay r affects the size and spacing of ebe magnetic grains formed 
thereupon, and facilitates the uniform distribution of the segregant between the 
grains to provide the necessary isolation to minimize or prevent intergranular 
exchange coupling for reduced noise and improved magnenc perfarmance. To 
accomplish this, the nuclearion layer should have a topology of discrete nucleation 
sites to which individual grains will adhere. 

Therefore, the nucleation layer should be sufficiently thick (for example, 
about 100 A or thicker) to uniformly and completely cover the substrate surface 
(to eliminate, for example, residual effects from cleanlines. etc.). yet not so thick 
as to cause the degradation of the desired grain size, distribution, and uniform 
separation provided by the nucleation sites. A cross section of such a 
rMcrosmietnre of a magnetic disk is shown in Hg. 4, in which nuclearion layer 
16. consisting of discrete nuclearion sites 74. forms the foundation for recording 
layer 18, consisting of individual magnetic grains 76 with segregant material 78 
dispersed therebetween. 

Nucleation layer 16 should be a nonmagnetic material, preferably 
amorphous. We have performed numerous experiments on media with and 
without a nuclearion layer, measuring coeravity as a function of the percentage 
of nitrogen gas introduced into the sputtering chamber (as discussed in detail, for 
example, in applicant's copending U.S. application serial number 08/189.088, 
which is incorporated herein by reference). 
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Kg. 5 sh ws the results of certain of these experiments. Initially, we 
measured the He of a recording layer 18 of the alloy CoNi7TilTa3Ptl2 
(throughout the following, die subscripts represent die atomic percent of each 
element in the alloy, for example 12 at. % Pt. and the missing subscript denotes 
the balance of the alloy) having 4 moL% Si02 sputtered without a nucleation 
layer. Hie material was RF diode sputtered at about 3.0W/cm2 and about 15 
raTorr of argon from targets 36a and 36b (Fxg. 2). The deposited recording 
layer 18 was approximately 25 am chicle The results indicate that He reached a 
maximum of about 1050 Oe. While increasing coercivity may otherwise be 
accomplished by increasing the platinum content of the alloy and admixture of 
Si02 as taught by Sbimtru et al. t the maximum coercivity obtained for this media 
having a magnetic layer thickness of about 500 A (which we estimate has an Mrt 
of about 235 mcmu/cm^) was 1700 Oe (and that result was obtained with 18% Pt 
and 10 voLft S1O2). The present invention achieves much higher He with much 
less Pt (therefore dramatically reducing cost) and less Si02 (therefore 
maintaining high Ms). 

Also shown in fig. 5 are the measurements of He of the alloy 
CoNi7TUTa3Ptl2 having 4 mol.% Si02 sputtered first on a nucleation layer of 
NiP doped with 2% AI2O3 (generally denoted herein as N0>-23>Ar2O3) and 
second on a nucleation layer of NiP-2%Ti02. The nucleation layer was 
approximately 38 am thick, sputtered at 15 mTorr of argon gas from targets 34a 
and 34b (Fig. 2\ As can be seen, coercivity of at or above 2000 Oe are achieved, 
using only 12 at*, platinum in the magnetic alloy. This results in an easily 
manufacrurable high coercivity media without requiring the added expense of 
additional platinum. 
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Fig. 5 also shows measurement of He for CoNi7TilTa3Pci2 plus 4 mol.% 
Si02 alloy (generally denoted herein as CoNi7TilTa3Ptl2-4^Si02) sputtered 
over a NiP nucieation layer as per tbe teachings of U.S. Patent no. 4,786,564 
(Chen et al.) and subsequently also taught in Japanese Patent Application 5- 
197944 (Murayama). Although tbe NiP nucieation layer does enhance He over 
the media sputtered without a nucieation layer, the enhancement is much lower 
than that observed by using the oxide doped NiP nucieation layer (NiP-2%Al203 
and NiP-2%Ti02). As will be discussed further below, Fig. 5 also shows a 
further enhancement in He by adding N2 to the sputtering gas. 

Fig. 6 shows the He of a CoNi7TilTa3Pti2-4%Si02 media having an Mrt 
of 2.25 mcmu/cm2, sputtered over an undoped NiP under layer of varying 
thickness and in the presence of N2 in the sputtering gas. The sputtering argon 
pressure was 15 pm. As can be seen, although the He increases slightly with both 
increasing under layer thickness and percentage N2 in tbe sputtering gas, the 
maximum He for this media is below 1700 Oe. This media is therefore not 
optimized for high density recording appUcations. While the He alone of this 
media could be increased, either by raising the argon pressure during sputtering 
or by raising the Pt content of the alloy, there are disadvantages to both of these 
approaches (discussed below) which offset any gains in He. 

Fig. 7 shows the He of CoNi7TiiTa3Ptl2-4%Si02 media having an Mrt of 
2,25 memu/cm 2 which was sputtered in nearly tbe exact same sputtering 
conditions (including an argon pressure of 15 urn) as the media shown in Figs. 5 
and 6 except that a NiP-2% AI2O3 nucieation layer was used. As con be seen, use 
of the NiP-2<sl>Al203 nucieation layer and N2 in die sputtering gas yields an 
extremely high He of about 2200 Oc, even at argon pressures as low as 15 
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mTorr. Comparing Figs. 6 and 7. it should be noted that the dramatic increase in 
He of 500 Oe obtained for this CoNi7TilTa3Ptl2-4%Si02 media with a 
aucleadon layer, as compared with media formed with merely an undoped under 
layer, is due primarily to the proper selection of the doped nucleanon layer. 

Fig. 8 shows the He of another alloy, CoNi7Til. 5 Tai.5B2Ptl2-2%CoO. 
sputtered at an argon pressure of 15 mTorr. over varying thicknesses of an 
undoped NiP under layer, in the presence of 13% N 2 in die sputtering gas. This 
media exhibited an Mrt of 2.5 meou/crn*. The He of the media increases with 
increasing thickness of NiP under layer. Compared to Fig. 6. the maximum 
achievable He in fig. 8 is about 200 Oe higher for identical sputtering conditions. 
We believe that mis may be due to me difference in the magnetic alloys. In any 
case, as shown below, although the undoped NiP under layer provides an 
improvement in He shown in Fig. 8. the media noise of the alloy severely 
increases for thicker underlayer thickness. In stark contrast to Fig. 8, Fig. 9 
shows the He of the same CcNi7Til.5Tai jB 2 Pti2-2%CoO alloy having an Mrt 
of 2.5 memu/cm2, sputtered at an argon pressure of 20 mTorr, over varying 
thickness of an NiP-l%Ar203 nucleanon layer, in the presence of 1.2% N2 in me 
sputtering gas. It is seen once again that a higher He is obtained when a doped 
NiP nucleanon layer is used. 

Tablc-I shows me recording results of the CoNiTThjTal JB2PU2- 
2*CoO alloy, having an Mrt of Z5 memuW. sputtered at different argon 
pressures over an undoped NiP underlayer layer, per Japanese Patent Application 
5-197944 (Murayama et aL) Id each case, the media had an overcoat of 150 A 
thick hydrogenated carbon. Recording measurements were made on a Guzik-501 
tester (manufactured by Gozik Corp.. Santa Clara. California) using a thin film 
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inductive head bavins pl/g/p2 of 3.2/0.3/3.2 urn. track width of 6.0 am and 
having 42 nuns. The recording measurement was made at 0.373" radius at a 
linear velocity of 494 inches-per-second at a rec rding density of 60 kilo flux 
changes-per-inch. The nominal frying height was about 2.4 u-ineb. 

Tablff-I shows that the CoNi7Til.5Tal jB2Ptl2-2S>CoO alloy, haying an 
Mn Of 2.5. merau/cm2. sputtered at 13 mTorr over a thicker undoped NIP under 
layer exhibits cxrremely high write jioer which resulu in very poor bit-shift. 
Table-I also shows that even if the argon pressure during spattering of these films 
is increased to 23 to 30 mTorr, and the write jitter and bit-shift improve 
substantially, the OW gets worse. These results indicate that high argon pressure 
can result in isolation between magnetic grains to reduce media noise as suggested 
by Chen et aL in the aforementioned "Physical Origin of Limits in the 
Performance of Thin Film Recording Media." However, as explained below, mis 
approach of increasing the argon pressure to reduce write jitter is not desirable 
since OW is made worse (from a decrease in squareness). We have determined 
that the undoped NiP under layer does not facilitate the segregation of the 
insulating segreganc between the magnetic grains to reduce media noise. Thus, 
arbitrary underlayers (such as undoped NiP) do not provide an optimized 
nuclearion layer for subsequent magnetic grain growth. Fig. 8 and Table-I show 
that although an undoped NiP underlayer as taught by Murayama et al. can 
provide higher He at lower argon pressure, the write jitter noise increases 
dramatically at lower pressures. 
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Table-H shows recording results for the same CoNi7Tii.5Tai.5B2Ptl2- 
23>CoO alloy sputtered at lower argon pressure in che presence f 1.4% N2 in 
the sputtering gas and over a NiP- A1203 nucleation layer of thickness about 
330A in which the percent of AI2O3 was varied. Recording measurement was 
carried out on a Gu2ik-1001 tester having an air bearing spindle (manufactured 
by Guzik Corp., Santa Clara, California) using a thin film inductive head having 
p l/g/p2 of 3.2/0.3/3 Jl Kim, track width of 6.0 urn and having 42 turns. The 
recording measurement was made at 0.873" radius at a linear velocity of 494 
inches-per-second and at a recording density of 60 kilo flux changes-per-inch. 
The nominal flying height was about 2.4 u-tneh. 

Table- H shows two sets of media having nearly identical He. On 
comparing the media sputtered at an argon pressure of 23 mTorr using a NiP- 
1%A1203 nucleation layer with media sputtered at an argon pressure of 1 8 
mTorr using a NiP-3%Al203 nucleation layer, the latter shows better OW and 
better PW50 while having nearly identical write jiner and slightly better bit-shift 
On comparing media sputtered at 18 mTorr using a NiP-2^Al203 nucleation 
layer with media sputtered at 15 mTorr using a NiP-3%Al203, the latter shows 
better OW and better PW50 while simultaneously ma in rainin g lower write jitter 
and lower bit-shift Comparing these results to those shown in Table- L use of a 
nucleation layer with a dopant provides media having very low write jitter noise, 
even at very low argon pressure. As explained earlier, this is because the selected 
nucleation layer defines the growth of the subsequent magnetic layer and forms 
large angle grain boundaries allowing the segregant to uniformly segregate at 
those grain boundaries. This results in a complete elimination of the 
intergranular exchange and thereby results in a extremely low write jicter noise. 

r 3i 



( 61 ) 



#H¥8- 17 17 16 







CO 
CO 


t 

* 

UJ 


6.01 


CO 

© 

40 




CI 

Ol 

CD 


6.37 




© 

>< 

m 


















c 

"3 
a 


o 


ST 

-a 


CM 
CJ 

CD 


<v< 
CO 

XT 
C*3 




a 
*r 

w' 

C3 


to 

CO 




o 


















-o 
«u 

ft— 




*e 














a. 

V 




Ol 
C3 

€%i 


CO 




<o 


to 
d 




















TABLE-II 


id using 


o 
to 

? 
a. 


CO 


r- 

CD 
Cl 


« 

CJ 




« 


OJ 

to 

CJ 




tCoO sputter* 


AmplKuda 


*£ 

c: 


<v 
o 


o 

CO 

o 




d 


f- 

in 
© 




CN 

• 

CL 
ol 
CQ 


jg 


*£* 
O 


o 


o 

Oi 

o 




CM 

«n 
<s 






in 














1 




»- 
u» 


<5 
>. 
ta 




C5 

8 


| 




O! O 




-J 




< 
J* 
« 

CL. 






3 


5 




i i 

S o 

; o 


73 


! 

i 


CL 

z 

i 




<nj cvi 
sL; a. 

i 




i 








; t 

1 ! 






1 
l 


CO I o 
a ; c= 




1 CO! 
( OJt 

| ! 


uii ca 

"i "I 


| 










1 





35 



( 62 ) 



<&m¥8 - 1 7 1 7 1 6 



Figs. 10 and 1 1 show high resolution TEM micrographs f CoCn i Pt\ \- 
4%Si02 media sputtered using NiP and NiP-2%Al203 nuclearion layers, 
respectively. Tie CoCrilPtU-4«Si02 film on undoped NiP shown in Fig. 10 
was sputtered at an argon pressure of 20 mTorr in the presence of a partial 
pressure of H 2 0 of 1.2 x 10-06" Torr and 0.6% N2 over a 300A thick NiP under 
layer. The CoCrilPtl l-4%Si02 film on NiP-2%Al203 shown in Hg. 11 was 
sputtered at an argon pressure of 1 5 mTorr in the presence of a partial pressure 
of H 2 0 of 1.2 x 10-06 Torr and 0.9% N2 over a 300A thick NiP-2%Al203 
nuclearion layer. Although there is a slight difference in the argon pressure and 
% N2 in gas, this is expected to have essentially no effect on the microstructure 
of the film. 

Fig. 10 shows that the grains appear to be isolated in some areas but most 
grains are connected to neighboring grains which makes the isolation channel 
between grains very nonuniform and discontinuous. Thus, the grains of this 
media are at leasr partly exchange coupled, which causes the He to drop and 
media jiaer noise to increase. This explains why a lower coercivity was obtained 
by Shimtai « al. (in the aforementioned "CoPtCr Composite Magnetic Thin 
Films" and European Patent Application 0 531 035 AL and Japanese Patenc 
AppUcarion 5-73880.. even at the relatively high 18% platinum content. 

In contrast. Fig. 11 shows that tne grains are uniformly isolated by an 
approximately 10A thick channel, which is sufficient to completely break 
intergranular exchange interaction and thereby provide a lower write jitter and 
higher He as expected from the meoretical works of Zhu et al. described in the 
aforementioned "Micromagnetic Studies of Thin Metallic Films.- Moreover, due 

. 36 



( 63 ) 



ISIB^S - 1 7 1 7 1 6 



to the uniform isolation channel and uniform grain size, the magneto static 
interaction between the grains is uniform, thereby providing higher squareness. 
Figs. 10 and 1 1 clearly dem nstrate that a N1P-AI2O3 nucleation layer facilitates 
the uniform segregation of the segregant to provide very low write jitter while 
simultaneously achieving high He and niaintaining high squareness. 

Figs, 10 and L 1 also clearly show that the presence of Si02 in the admixed 
form of the magnetic alloy as per the Japanese Patent Application 5-197944 
(Shimizu et al.) is not a sufficient condition to ensure the lowest write jitter noise. 
In fact, the published work by Shimizu et al. entitled "CoPtCr Composite 
Magnetic Thin Films" shows TEM micrographs of unmixed CoPti8Cri2 and 
composite CoPti8Cri2-Si02 films. ™* reference states mac "trie grain 
boundaries are not clear in cither film, indicating a very fine structure. Energy- 
dispersive x-ray analysis (EDX) revealed that Si atoms are uniformly distributed 
all over the composite films without showing any noticeable segregations at grain 
boundary.' 

Wc believe that the reduction in media noise in Shiinizu et al.'s CoCrPt- 
Si02 admixture arises primarily from the reduction in grain size, i.e., a 
reduction in grain noise. This shows that per the approach taught by Shixnizu et 
al. (Le., without a nucleation layer) one cannot achieve complete isolation 
between the magnetic grains. As stated earlier, the intergranular exchange 
induced noise has to be completely eliminated to obtain the lowest possible uoise. 
As wc have found, this can only happen if a proper nucleation layer (such as NiP 
with dopant) is used to facilitate the segregation of the insulating segregant. Fig.' 
11 shows that a magnetic alloy including Si02 which is formed on a NiP 
nucleation layer without a dopant, as taught by Japanese Patent Application 5- 
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197944 (Murayama ct aL) is also not a sufficient c adirion to completely suppress 
the imergranular exchang coupling and provide the lowest media noise. 

We have found that in order to get the lowest media noise and very high 
squareness, the magnetic recording layer should not only include the insoluble 
segregani compound formed on a proper nucleaoon layer, but should be 
sputtered under the proper spuaering conditions of low argon sputtering pressure 
and low partial pressure of H2O. In the following, we discuss the rationale behind 
using such process conditions. 

Fig. 12 shows high resolution Scanning Electron Micrographs (SEMs) 
obtained from an Hitachi Scanning Electron Microscope of a CoNigPuo film 
which was sputtered at an argon pressure of 30 mTorr over a 50 am thick 
undoped sputtered NiP underlayer under different partial pressures of H2O. 
Shown at 1 2a is an SEM for a media sputtered with a partial pressure of H2O of 
2.8 x 10-07 Torr. 12b is an SEM for a media sputtered with a partial pressure of 
H20 of 1.1 x Torr, and 12c is an SEM for a media sputtered with a partial 

pressure of H20 of l.lx 10-05 Torr. 

As can be seen at 1 2a and 12b. the grains of the magnetic films sputtered at 
lower partial pressures of H2O consists mostly of single crysiallite grains. 
However, at 12c there is shown a number of smaller crystallites clustering 
together to form grains. The sizes and shapes of these clustered grains change 
from one area to another. On the one hand, for the CoNi 9 PtlO sputtered in 
presence of low partial pressure of H 2 0 (12a and I2b>. the individual grains are 
almost entirely single crystals of CoNi9Pti 0 . On the other hand, film 12c shows 
areas that contain a number of single crystallites which seem to be intimately 
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connected to each other which are therefore likely highly exchange coupled 
within the clustered grain. During magnedzation reversal, the clustered grain of 
different sizes reverse at different magnetic fields, which results in a bioad 
switching field distribution and thereby lower squareness. Thus, a lower partial 
pressure of H2O during sputtering results in very uniform switching during 
magnedzation reversal to provide sharper switching field distribution and thereby 
higher 5*. 

Fig. 1 3 shows a plot of coercivity squareness S* as a funedon of the partial 
pressure of H20 in the sputtering gas for the magnetic alloys CoNioPtiO and 
CoNi9PilO-2«"Co° f<*™;d on a 300A thick nnctearion layer of sputtered NiP 
(containing 15.5 wt% P) doped with about 0.5 wt.% AI2O3. The argon pressure 
during sputtering of both the nnclearion layer and the magnetic layers was kept at 
30 mTorr. Fig. 13 shows data for two sets of media, one having an Mrt of about 
3.0 memuW, as suited for recording applications using an inductive head, and 
die other of media having a lower Mrt of about 1.2 menm/cm?. as suited for 
recording applications using magneto-resistive heads. As can be seen, the S» for 
each of the media drops as the partial pressure of H2O during sputtering is 
increased. As mentioned earlier, for future high recording density applications, 
the preferred media for inductive head applications should have an S* of at least 
0.85 and the preferred media for MR head applications should have an S* of at 
least 0.8. Therefore, we have found that the partial pressure of H2O during 
sputtering should be kept at least below 5 x lO 06 Torr. 

Fig. 14 shows the effects of varying argon sputtering pressure during the 
deposition of a CoNr7Tu.5Tai^B2Ptl2-2'SCoO alloy over a 300A thick 
nuclearion layer of NiP (15.5 wt.% P) doped with 1% AI2O3. The recording 
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layer was about 45 nra thick and the panial pressure of fftO was about 2 x 10-06 
Torr. ShowD at 14a is a recording layer sputtered at an argon pressure of 20 
mTorr. The grains shown at 14a are mostly single crystallites of uniform size 
which are very uniformly distributed. Shown at 14b is a recording layer 
sputtered at an argon pressure of 25 mTorr, Here, smaller crystallites begin co 
cluster together to form grains. Shown at 1 4c is a recording layer sputtered at an 
argon pressure of 30 mTorr. Here, the magnetic film dearly contains a large 
numbers of clustered grains of different size, i.e., having highly nonuniform 
grain size and distribution. As mentioned earlier, the magnetic film sputtered at 
30 mTorr is expected to have broader switching field distribution and lower 
squareness. Thus, as the argon pressure during sputtering is increased, the grain 
structure changes from most uniform grain size and distribudon to a highly 
nonuniform grain size and distribution. 

Table-Hi shows magnetic and recording properties of a 
CoNi7TiL5Tai^B2Ptl2-2% CoO alloy which were sputtered under different 
sputtering pressures of argon over different nudeation layers, with an 
hydrogenated carbon overcoat of 200 A. Hie recording properties were 
measured on a Guzik-501 tester using a chin film inductive head having pi/g/p2 
of 3.2/0.3/3.2 urn, a track width of 6.0 um and 42 turns. The nominal flying 
height was about 3.0 u-incbes at 494 incnes-per-second, and at a recording 
density of 60 kilo flux changes-per-inch. Note that during the measurement a 
fixed disk was used as a standard "reference" media. The recording results 
shown in Table-HI are either uormalized ratios or differences from the values 
obtained for the reference disk. For example, the O W and bit-shift values are the 
differences between the measured values and the reference values, and a higher 
negative value indicates better bit-shift performance while a higher positive 
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number for OW indicates improvement. Similarly, write jitter is a ratio, and a 
number smaller than one indicates improvement. Thus, for the reference sample 
the relativ OW value is 0, bit-shift is 0 and write jitter is 1.0. 

As can be seen, when the argon pressure was decreased from 30 mTorr to 
20 mTorr. the OW and PW50 improved, while the write jitter and bit-shift 
worsened- Comparing the S* and SFD. as the argon sputtering pressure drops, 
the S* increase and SFD decreases. Thus, although a lower argon pressure is 
more desirable due to higher squareness, the application of this practice in this 
case is limited by write jitter and bit-shift. Note that in this case, as compared to 
Table-H. a micleatioii layer is used having only 1% AI2O3 as a dopant, and the 
magnetic layer has only 2 moL* of segregant. As shown in Tablc-H and below, 
if a larger amount of dopant is used in the oudeauon layer and if a larger amount 
of segregant is incorporated into the magnetic recording layer, lower argon 
sputtering pressures (e.g.. below 20 mTorr) can be used to achieve high 
squareness and lower SFD while maintaining very low write jitter noise. 
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We have also found that addition of small amount of a contributant gas. 
such as N2 # during the sputtering of tibe magnetic recording layer results in 
further reduction of write jitter noise and generally an enhancement in 
squareness. As shown below, we have found that introduction of small amount of 
N2 during sputtering of magnetic recording Layer in accordance with the present 
invention helps further improve the write jiner withouc negatively affecting 
PW50 or OW. This is believed to be arising from the reduction in the grain 
noise and further reduction of exchange induced noise. Thus, we believe that a 
certain amount of the contributant gas is segregated at the magnetic grain 
boundaries and further insulates the individual grains from one another. We 
have also found that in the thicker magnetic 61ms ( such as those having an Mn of 
about 2.5 ajemWcm^ for inductive head applications, the easy axis (c-axis) of 
magnetization of the crystals tend to grow out of the plane when the partial 
pressure of H2O is very low, such as below O x 10-06 T orr. The addition of 
the contributant gas aids in bringing the easy axis back into the plane of the 
recording media. This out of plane growth has not been a serious problem, 
however, for thinner magnetic films such as those having an Mn of about 1.0 
memu/crn 2 for magneto resistive head applications. In die following we have 
described the effects of N2 addition. 

Figs. 15-17 show He. S* and SFD, respectively, as a function of varying 
N2 concentrations for a CoNi7Tii jTai^B2Pt!2-CoO alloy having an Mrt of 
about 2_5 memu7cm2 and sputtered in a RF diode sputtering system over a 300 A 
chicle nucleation layer of NiP-2%Al203 with a constant partial pressure of water 
of 2.0 x 10- 07 Torr, and a constant argon pressure of 20 mTorr. As can be seen 
from Fig. 15, the He of the magnetic recording layer increased up to a No 
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concentration of about 0.5%. Fig. 16 shows that the S* of the magnetic medium 
is also improved by introducing this smail amount of No during sputtering. 
Finally, Fig 17 shows that the SFD of the medium also drops by introducing a 
small amount of No gas during sputtering, although the effect peaks at 
approximately 0.2%. 

The results of our extensive research on various magnetic alloys have 
shown thai although the oarure of the effect of the introduction of a contributant 
gas such as N2 during sputtering on the He of the magnetic layer is different for 
different alloys, the squareness generally always increases with the introduction 
of small amounts of N2, and SFD decreases if the partial pressure of H20 is 
maintained lower than 5 x 10-06 Torr. Wc cmxently believe that the squareness 
increase with N2 introduction arises due to at least two effects. First, 
introduction of N2 gas suppresses the columnar growth of the magnetic grains. 
Second, introduction of N2 gas forces the c-axis (the easy magnetization axis of 
the crystal) of the magnetic crystals to stay in the plane of the media. Both these 
effects increase the squareness and reduce the switching field distribution. 

Figs* 18-20 show plan view high resolution transmission electron 
microscopy (HR TEM) micrographs, obtained from a Philips EM430ST, of a 
CoNi7TiljTal.5B2Ptl2-23> CoO alloy sputtered at an argon pressure of 20 
mTorr on about a 300A thick: NiP-2%Al203 nuclearion layer under different 
partial pressure of water and N2 conditions. Fig. IS corresponds to media which 
was sputtered under a partial pressure of H2O of about 3-5 x 10"^ Torr and 0<=b 
N2 gas. Fig. 19 corresponds to a media which was sputtered at a partial pressure 
of H20 of about 3.5 x 10^ Torr and about 0.6% &2 gas present in me 
sputtering gas. Comparing Fig. IS to Fig. 19, the grains of the 
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CoNi7TIi.5Tai.5B2PU2-2S7CoO alloy in Fig. 18 are smaller and more 
completely isolated from ooc single crystallite grain to another. This 
demonstrates that th introduction of N2 results in further enhancing the 
segregation of the segregant. which more effectively isolates the individual grains 
and results in a further reduction in media noise. At the same time, the grain siie 
is further reduced, which results in a decrease in grain noise. Therefore, media 
is provided having a minimum total media noise. 

Fig. 20 shows a film which was spunered at a somewhnt higher partial 
pressure of H2<>. specifically 1.2 x 10-06 Torr. but in the presence of the 
relatively much higher N2 content of 2%. As can be seen, a high concentration 
of N2 gas also results in a relatively non-uni form grain si2e and non-uniform 
separation between grains across the film. Consequendy, the magDetostaric 
inceracrion between magnetic grains will be non-uniform across die film, 
resulting in lower S* and higher SFD. as shown in Figs. 16 and 17. 

Clearly, there is a lower range of N2 concentration which is desirable (1) 
to maintain the c-axis of the magnetic crystals in plane, (2) to facilitate a single 
crystallite grain growth, and (3) to very likely enhance the grain isolation effect 
by facilitating the segregation of the insoluble stable compound (CoO, in this 
case). However, there is a limit above which the rnicrostnicrure of the grains 
become too aon-uniform and hence decrease squareness. Therefore, selection of 
right amount of N2 for mtroductioa during the deposition ox the magnetic layer 
is very critical. It should be noted that although the Japanese Patent Application 
by Murayarna et al discusses use of No. the cited range of 0.1 to 10% is to 
cona-ol the He of the magnetic layer per the teachings of U.S. Patent no. 
4/749.459 (Yamashita et aU and not for morphological control at taught by the 
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present invention. As shown in Fig. 20, sputtering in the presence of high 
amounts of N2 result in noauniform grain growth and ultimately in poor 
squareness. Therefore, we believe there are other preferred ways of controlling 
the He than as taught by Murayama et al.. such as increasing the Pt content of the 
alloy. 

Figs. 19 and 20 also show that high amounts of N2 can itself be used as a 
segregant, but once again too high an amount of N2 will result in poor 
squareness, broader SFD. and consequently poor PW50 and poor OW. Hence, a 
combination of stable insoluble segreganc and smaller amounts of N2 can be 
extremely effective in completely suppressing the intergranular exchange 
coupling and simultaneously maintaining very high squareness. This was clearly 
not recognized in the arc since Murayama er al for example teaches the broad 
range of 0.1-10 vol.% N2. so broad as to suggest that they failed to realize the 
role of N2, as taught by the present invention. 

Table-IV shows the process conditions, magnetic properties, and recording 
properties of a CoNi7TilTa3Ptl2 magnetic alloy having 4 mol.^ of Si09 
segregant sputtered as per teachings of this invention to illustrate a preferred 
mode of operation. For comparison, we have also included a CoNi7Cr4Ptl2 . 
media sputtered at high argon pressure over a NiP nncleation layer without any 
dopant, and a CbNi7Til JTai alloy having 2 moL% of CoO segregant 

sputtered at higher argon pressure. Each disk had a 200A thick nydrogenated 
carbon overcoat. The recording measurement was carried out on a Guxik-1001 
tester having an air-bearing (manufactured by Guzik Corp., Santa Clara. 
California) using a thin film inductive head of pl/g/p2 of 3.2/0.3/3.2 urn. track 
width of 6.0 inn and 42 turns. The recording measurements were made at 0.S73 
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inch radius at a linear velocity of 493.67 inches-per-secoad. at a recording 
density of 51.45 kilo-flux cbanges-per-inch. and « a nominal flying height of 
about 2.5 n-inehes. 

The recording results shown in Table-IV are normalized with respect to a 
reference disk which was one of the best perfcKming commercially available 
CoCrTa oriented media. For example, the OW and bit-shift values are the 
difference with the reference media and a higher negative value indicates better 
bit-shift performance while a higher positive number for OW indicates 
improvement, a*d write jiner is a ratio and a number smaller than one indicates 
improvement. Thus for the reference sample the relative OW value is 0, bit-shift 
is 0 and write jiner is 1.0. 

Table-IV shows recording results of sample "F* which has a magnetic alloy 
of CoNi 7 Cr4Pil2 (without any segregant) which was sputtered at a high argon 
pressure of 30 mTorr. As can be seen,' this media exhibits worse PW50, worse 
OW and substantially worse write jiner than the reference sample. Sample "A" 
consists of a magnetic alloy which appears to contain sufficient segregant but 
which is sputtered at a higher argon pressure of 25 mTorr onto an undoped NiP 
underlay**. This media exhibits lower write jiner noise than the CoNi 7 Cr4Ptl2 
media, in spite of slightly lower argon pressure, due to the presence of the 
segregant. However, the OW for this media is much worse for the reasons 
explained earner. In comparison, sample "G" has lower content of segregant in 
the magnetic film, specifically 2%, and a smaller amount of dopant in the 
nucleation layer, specifically l%Afe03. and was sputtered at higher argon 
pressure, specifically 23 mTorr. The write jitter is better than that of sample 
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-F\ but not as good as chat of sample "A". The OW is also beaer than that of 
samples *F" and "A" which is attributable to the oxide d pcd ouclcarion layer. 

Sample "B" shows that the recording performance can be even further 
improved by increasing the amount of dopant in the nuclearion layer, specifically 
up from 1% to 2% AI2O3. and lowering the argon pressure. Samples "BVC. 
and "D" show that the recording performance can be yet further improved by the 
addition of N2 in the sputtering gas. Sample ""ET shows that the OW of the media 
can be even further improved without significantly sacrificing the write jiner 
noise by lowering the argon pressure to 12 mTorr and slightly increasing the 
nuclearion layer thickness to 180 A. 
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Figs. 21 and 22 show plots of recording results from Table- IV. Fig. 21 
shows a plot of OW vs. write jitter for the various disks shown in Table-IV. The 
left hand corner of the graph as indicated by the dp of the marked arrow 100. is 
the direction of improvement. As shown, samples "D" and "E" which were 
sputtered per the teachings of the present invention indicate a clear improvement 
in OW and write jitter over samples "A" and "G" which follow the prior art. 
Likewise. Fig. 22 shows a plot of OW vs. bit-shift for these samples. Again, the 
tip of the arrow marked 102 indicates the direction of improvement. Once again 
samples "D" and "E" show clear improvement in OW and bit-shift performance 
over samples "A" and "G". 

Fig. 23 shows He as a function of % N2 in the sputtering gas during the 
sputtering of CoCrllPtll-4%Si02 media which was sputtered at an argon 
pressure of 15 mTorr over a 300A thick NiP-2%Ti02 nnclearion layer. The Mxt 
of this media was maintained at around 1,0 memu/em 2 as suited for magneto- 
resistive head applications. As can be seen, an extremely high He of over 2600 
Oe was obtained with 1 1 atomic percent of platinum in the magnetic alloy. Once 
again, this is much higher than the He observed by Shimizu et al., in their EP and 
Japanese patent applications, which is only 2000 Oe for 17 at.% of Pt for 
identical magnetic layer thickness which is estimated to be about 200A. Unlike 
the other magnetic alloy shown in Fig. 5 which have an Mrt of about 2.5 
memu/cmZ the He of the CoCri lPtl l-4%Si02 media shows monotonic decrease 
with an increasing percentage of N2 in me gas. We have found though mat the 
proper amount of N2 addition in the gas results in very low media noise while 
maintaining high squareness. 
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Table- V shows recording performance of a Co&i iPtl i-4mol%Si02 alloy 
which was sputtered at 15 mTorr under different amounts of N 2 in the sputtering 
gas during die deposition of the magnetic recording layer using different 
nucleation layers. These media were tested using a dual-stric* magneto-resistive 
head having a track width of 3.5 am and a bias current of 1 1 miUi-amps. It can 
be seen tbat when the percent N2 present during sputtering of the CoCrl lPtl 1- 
4fcSi02 magnedc layer is increased from 0 to 0.9%. the write jitter decreases 
from 0.318 nS to 0.256 nS. and the OW improves from 35.63 to 44.94. As 
shown in Fig. 23, the He of this media drops monotonically as the percentage of 
N 2 increases, and therefore the improvement in OW with increasing percentage 
of N2 is at least partly due to a drop in He. It is interesting to note that while He 
is dropping, the PW50 does not seem to materially change, which seems to 
indicate that the squareness of these media is very likely increasing with an 
increasing percentage of N 2 in gas. Tbe CoNi 5 Tii.5Tai.5B2Ptl4 ^oy which 
was sputtered under high argon sputtering pressure of 25 urn. and in the presence 
of higher percentages of N2 in the sputtering gas, exhibited relatively poor 
overwrite although the write jitter is quite good. 
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WMle the invention has been described above with respect to the specific 
embodiments, thos skilled in the an will appreciate (hat modifications may be 
made without departing from the spirit and scope of the invention. For example, 
the present invention has been described in term* of a media having a single 
magnetic recording layer. However, in certain applications of the present 
invention multiple magnetic recording layers may be employed. Therefore, the 
above specific descriptions are presented as examples of embodiments of the 
present invention, and are not to be read as limiting the scope of the present 
invention. 
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4. Brief Description of Drawings 

The present in vend on will be described in greater derail below, including 
specific examples thereof, with regard co th figures, in which: 

Fig. 1 is a cross section of a rigid chin-film magnetic disk constructed in 
accordance with the present invention. 

Fig. 2 is a schematic illustration of a sputtering apparatus of the type 
employed by the preseoc in vend on. 

Fig. 3 shows a schematic illustration of the imcrosrructure of a magnetic 
medium, in plan view, having minimal media noise and extremely high 
squareness according to the present invention. 

Kg. 4 shows in cross-section the micros txueture of the magnetic medium of 
Fig. 3. 

Fig. 5 shows the effect of Ni'gas addition on the He of 
CoNi7Ptl2TilTa3Pti2-4^Si02 media spunered over nucleation layers having 
different amounts and types of dopants. 

Fig. 6 shows the effect of underlayer thickness of an NiP under layer on 
the He of CoNi7Ptl2TiiTa3Ftl2^*^Si02 media. 

Fig. 7 shows the effect of nucleation layer thickness of an NiP-2%Al20j 
nucleation layer on the He of CoNi7Ptl2TilTa3Pti2-43bSi02 media. 

Fig. 8 shows the effect of argon sputtering pressure on the He of 
CoNi7Ptl2TilTa3Pti2-4S>Si02 media sputtered over an NiP under layer of 
different thickness. 
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Fig. 9 sh ws chc effect of NiP-l %Ml03 miciearion layer thickness on che 
He of CoNi7Hl«5Tat^fl2Pti2-2%CoO media. 

Fig. 10 shows the high resolution Transmissioa Electroa Microscopy 
(TEM) micrographs of CoCrl 1 Pi] t-4%Si02 media sputtered over a NiP under 
layer. 

Fig. 1 1 shows high resolution Transmission Electron Microscopy (TEM) 
micrographs of CoCn iPti i-4%Si02 media sputtered over a NiP-2%Al203 
miciearion layer. 

Fig. 12 shows high resolution SEM micrographs of CoNi9PtiO media 
sputtered over an NiP-0.5%Al2O3 nucleadon layer at different partial pressures 
of H2O during deposition. 

Fig. 13 shows S* of CoNi9PtlO and CoNi9PtlO-CoO media of different 
Mrx sputtered at different partial pressures of H2O during deposition. 

Kg. 14 shows high resolution SEM micrographs of 
CoM7lil.5Tai_5B2Ptl2-2%CoO media sputtered under different argon pressure 

conditions. 

Figs. 15-17 show the effects of varying the percent nitrogen addition 
Airing sputtering on the magnetic properties He, S* and SFD, respectively, of 
CoNi7TI l jTa K5B 2Pt] 2-2% Co O mafia. 

Figs, 18-20 show high resolution TEM micrographs of 
CohftTTii^Tal jB2Ptl2-2%CoO media sputtered under differenc percent 
nitrogen addition in the sputtering gas. 



55 



( 82 ) 



#H¥8 - 17 17 16 



Fig. 21 shows overwrite versus write jitter normalized against a reference 
standard for various media including media in accordance with the present 
invention. 

Fig. 22 shows overwrite versus bit shift normalized against a reference 
standard for various media including media in accordance with the present 
invention. 

Fig. 23 shows effect of N2 addidon during sputtering on the He of 
CoCri l Ptl l-4%Si02 media having a MP-T1O2 nucleation layer. 

As between each of these figures, like reference numerals shall denote like 
elements* 
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1. Abstract 

Media according to the present invention is comprised of individual 
magnetic grains as small as 300 A or smaller in diameter, which are uniformly 
spaced apan by a distance between 5 and 50 A by a solid scgncgant. This media 
win typically exhibit coercivity and remanent coerciviry squareness of at least 0.8 
each, a switching field distribution of less than 0.2. and a coercivity of at least 
1500 Oe (with a ^mrn'mum required Pt content), while simultaneously providing 
the lowest me*iia jitter noise for optimum magnetic performance. The media is 
deposited at a low partial pressure of water and in the presence of an optimum 
amount of contributant gas on a doped nucleation layer for grain growth controL 

2. Representative Drawing 
• P i S. I 



